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SUMMARY
T he  behaviour o f  the  leading edge cells during the  early stages of epiboly 
(s tage  3 to  16, H a m b u rg e r  an d  H am il to n ,  1951) has  b e e n  inves tiga ted  in this 
study using light, transmission and  scanning e lectron microscopy.
T he  results showed a consistency in the  distribution of junctions betw een 
these  cells th roughou t these stages. How ever, there  is a significant increase in 
b o th  th e  w id th  o f  th e  le a d in g  e d g e  a n d  th e  n u m b e r  o f  its cells  a r o u n d  th e  
s e c o n d  day  o f  in c u b a t io n  ( s ta g e  11-13). T h e  s ign if icance  o f  th is  in c re a s e  is 
d iscussed  in re la t io n  to  the  r e p o r te d  increase  in the  r a te  o f  expansion  o f  the  
b las toderm  at  a round  tha t  time (Downie, 1976).
As the leading edge m igrates centrifugally over the vitelline m em brane , it 
req u ire s  the  ad d it io n  o f  new cells to cover an  increasingly  w ider  a re a .  This 
study p rov ides  ev idence  th a t  cells rec ru i te d  in to  the  edge  a re  th e  d e e p  layer 
ce lls  w h ic h  a r e  f o u n d  o n  th e  b a s a l  l a m in a  o f  t h e  p e r i p h e r a l  p a r t  o f  th e  
b las toderm  and  not the  ec toderm al cells as is generally thought.
T h e  o p p o s i te  task  faces the  lead ing  edge as it passes  the  e q u a to r  o f  the  
eg g  a n d  o c c u p i e s  a s m a l l e r  a r e a  o f  v i t e l l i n e  m e m b r a n e ,  t h a t  is h o w  to  
accom m odate  the large nu m b er  of  edge cells into a smaller space? T he  curren t 
study provides the  first account o f  the  unique strategy tha t  the  chick blastoderm  
uses to achieve this task. Som e of the  leading edge cells becom e stationary at 
po in ts  a ro u n d  the  c ircu m fe ren ce  of  th e  edge. This  allows ju s t  e n o u g h  cells to 
con tinue  th e ir  m o v e m e n t  to  cover the  res t  o f  the  vitelline m e m b ra n e  and  in 
tu rn  the whole yolk. As m ore  cells a re  added  to the original stationary cells and 
b e c o m e  s ta t io n a ry  th e m se lv e s ,  long  s ta t io n a ry  s t r e a k s  d e v e lo p ,  giving th e  
b las toderm  edge a crescent-shaped  appearance .  T he  difference in the  end  of 
epiboly be tw een  the chick b las toderm  and  o th e r  embryos with similar systems 
is discussed in this study.
T h e  s tudy  a lso  r e p o r t s  fo r  th e  f irs t  t im e  th a t  cell d e a th  o ccu rs  in th e  
lead ing  edge  cells during  the  late  s tages o f  d ev e lo p m en t .  This  occurs in the  
o ldest stationary cells then  progresses centrifugally to the  younger ones.
A s  t h e  s t a t i o n a r y  e d g e  c e l l s  d ie ,  t h e y  a r e  r e p l a c e d  by  t h e  n e a r b y  
ec toderm al cells which a ttach  strongly to the  vitelline m em brane  - an unusual 
behav iour for ec toderm al cells which never a ttach  to this m em b ran e  during the 
earlier  stages of epiboly.
T h e  time and  position of ap p earan ce  of  stationary points was found to be 
u n re la ted  to the  stage of d e v e lo p m e n t . T he  length of the stationary streaks and 
their  complexity was found also to be  different from  one  b las toderm  to ano ther  
even  in b la s to d e rm s  which have b e e n  in cu b a ted  for the  sam e  leng th  o f  time. 
A n o t h e r  p e c u l i a r  f in d in g  o f  th is  s tu d y  is t h a t  t h e  e x t e n t  o f  b l a s t o d e r m  
e xpansion  an d  th e  tim e  it seals th e  vitelline m e m b ra n e  is also d iffe ren t  from  
one em bryo to a n o th e r  at any particular time of developm ent.
In d i r e c t  im m u n o f lu o re s c e n t  s ta in in g  o f  p iec e s  o f  b la s to d e rm  edges  
cu ltu red  on glass co n firm ed  prev ious re p o r ts  th a t  the  sh a p e  o f  the  ep ithe lia l  
cells does not d epend  on the integrity of an intact m icrotubule  system and that 
m ic ro f i la m e n ts  a re  th e  e s se n t ia l  e le m e n ts  in m a in ta in in g  th e  s h a p e  o f  th e  
leading edge cells.
Im m unofluorescent staining for fibronectin distribution in the  b lastoderm  
edge  show ed  it to  be p re s e n t  in the  basal lam ina , an d  within a few a t ta c h e d  
edge cells during the  first 2 days of expansion, but not be tw een  edge cells, or at 
the  edge cell-vitelline m em b ran e  interface. However, extracellular fibronectin 
was d e te c te d  in the  s ta t iona ry  s treaks  a f te r  3 days. T h e se  resu lts  differ  from  
previous reports, and reasons for these differences are  discussed.
E x p e r im en ts  to s tudy the  b eh av io u r  o f  b la s to d e rm  cells lacking an  edge 
on  th e  in n er  su rface  of the  vitelline m e m b ra n e  rev ea led  th a t  the  b las to d e rm
h a s  t h e  a b i l i ty  to  fo rm  a r e g e n e r a t e d  e d g e  w h ic h  m o v e s  r a p id ly  on  th e  
substra tum . Cultures o f  b las toderm  pieces with or w ithout the  leading edge on 
th e  o u t e r  su r fa c e  o f  th e  v i te l l ine  m e m b r a n e  sh o w e d  th a t  th e s e  cells w ere  
u n a b le  to  e xpand  on this subs tra tum . T h e  reasons  b eh in d  this b e h a v io u r  a re  
discussed.
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CHAPTER ONE
INTRODUCTION
T h e  s c o p e  o f  th is  in t ro d u c t io n  is to  th ro w  so m e  light on  th e  g e n e ra l  
p roper ties  o f  epithelia  which rela te  to their  ability to migrate, and  then  to give 
special consideration to a particular epithelium, the  chick b lastoderm .
1.1- P R O P E R T I E S  OF E P I T H E L I A L  S H E E T S  R E L E V A N T  TO  
EPITHELIAL SPREADING:
1.1.1- ORGANISATION OF EPITHELIA DURING MOVEMENT:
C o n f l ic t in g  r e p o r t s  exist a b o u t  w h e th e r ,  d u r in g  th e  s p re a d in g  o f  an  
epithelial sheet on a substratum , the only cells that a ttach  to the  substra tum  are 
the  marginal "edge" cells while the rest of the  sheet is pulled along passively, or 
w he ther  the  submarginal "non-edge" cells a re  actively involved in the  process.
V aughan  and  Trinkaus (1966) studied the in vitro m ovem ent of  epithelial cells 
a n d  r e p o r t e d  t h a t  th e  only  cells w hich  a d h e r e  to  th e  s u b s t r a tu m  a re  th o se  
loca ted  a t  the  free  edge o f  the  exp lan t an d  th e re fo re  a re  the  only ones  which 
a re  cap ab le  o f  active m ovem en t.  T hey  suggest th a t  the  m o v em e n t  o f  these  
marginal cells leads to the  m ovem ent of the whole sheet. T he  non-edge cells on 
th e  o th e r  h a n d  do  n o t  s e e m  to  a t t a c h  to  th e  s u b s t r a tu m .  H o w e v e r ,  if th e  
a t ta c h m e n t  o f  th ese  non-edge  cells with o th e r  ne ighbouring  cells a re  b ro k en  
and  so they themselves becom e edge cells, they attach  to and actively move on 
the substratum .
T h e  r e s u l t s  o f  V a u g h a n  a n d  T r i n k a u s  ( 1 9 6 6 )  w e r e  c o n f i r m e d  by 
D iPasquale  (1975) who repo rted  that in vitro experim ents  on several epithelial 
cell types showed that although some submarginal cells som etim es a ttach  to the
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substra tum , there  is no evidence to support  their involvement in the m ovem ent 
of  the  sheet.
Several o ther  m odels have been  put forward concerning the role of both 
m arginal and  submarginal cells in expansion of an epithelial sheet.
T he  first o f  these models is the "rolling and  sliding" m ovem en t proposed  
by Krawczyk (1971) for ep iderm al cells in mice and  supported  by the findings 
o f  G ibb ins  (1978), P ang  et. al. (1978), and  R e p e s h  and  O b e rp r i l le r  (1980). In 
this m o d e l  th e  m arg ina l  cells a d h e re  to  the  su b s tra tu m  an d  the  subm arg ina l  
cells m ove  over  th em  and  in tu rn  a t ta ch  to  the  su b s tra tu m . T h e  subm arg ina l  
cells  h a v e  b e e n  show n  to  d e v e lo p  h e m id e s m o s o m e s  w ith  th e  s u b s t r a tu m  
(Krawczyk and  Wilgran, 1973). This m eans that the cells which are  in contact 
with  the  su b s tra tu m  rem a in  s ta t ionary  while the  cells on to p  o f  th em  roll over  
an d  m ak e  new  a t ta c h m e n t  sites with the  subs tra tum . M o re  ev idence  for this 
m odel was provided by O rtonne  et. al. (1981).
T h e  second  m odel  is based  on the  w ork  o f  R ad ice  (1980 a ,b) on  w ound  
h e a l in g  in X enopus  la rvae ,  w h e re  he u se d  t im e  lap se  c in e m a to g r a p h y  a n d  
tran sm iss ion  e lec tro n  m icroscopy to study the  in situ  and  in vitro m igra tion  of 
e p i th e l ia l  cells  in to  th e  w o u n d  a re a .  H e  r e p o r t e d  th a t  b o th  e x p e r im e n ts  
show ed  th a t  the  subm arg ina l  cells possess lead ing  lam ellae  which m ak e  close 
contact with the substratum , a fea ture  of actively moving cells.
In th is  m o d e l  th e  m arg in a l  cells  o f  th e  e p i th e l ia l  s h e e t  a d h e r e  to  th e  
substra tum  and  move over it, and the submarginal cells will imm ediately occupy 
th e  s p a c e  lef t  by th e m  i.e. b o th  m arg in a l  a n d  s u b m a rg in a l  cells  r e t a in  th e i r  
position in relation to each other. S upport  for this m odel com es from  the work 
o f  U d o h  and  D erby  (1982) who repo rted  piling up of cells as m ovem ent ceases 
d u r in g  w o u n d  h e a l in g  in ta d p o le  tail e p id e rm is .  T h e  m o d e l  has  a lso  b e e n  
suppo rted  by Takeuchi (1983) in his work on corneal epithelium  indicating that 
submarginal cells elongate  at right angles to the direction of the marginal cells.
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R a d ic e  (1980 a & b )  r e p o r te d  th a t  the  m o v em e n t  o f  subm arg ina l  cells is 
m uch slower in in vitro experim ents than in in situ , and  suggested that this could 
b e  d u e  to  the  effect o f  tens ion  g e n e ra te d  by the  m arg inal  cells which m ove in 
the  w ide r  space  n e e d e d  to  be  covered  in vitro while the ir  m o v em e n t  in situ is 
confined to a smaller space and  so they a re  under less tension.
1.1.2- CELL REARRANGEMENT IN EPITHELIAL SHEETS:
T h e  s h o r t  d i s t a n c e  m o v e m e n t  o f  ce lls  w i th in  a n  e p i t h e l i u m ,  so  t h a t  
individual cells indulge in a  process of changing their im m edia te  neighbours, is 
given the  te rm  "cell rearrangem ent".
T h is  p ro c e s s  is th o u g h t  to  b e  th e  m o st  c o m m o n  p ro c e s s  by w hich  an  
epithelial sheet can alter  its dimensions (Fristrom, 1988). As far back as 1944, 
W adding ton  rep o r ted  that the elongation of the  notochord  in am phib ians  can 
only  b e  b r o u g h t  a b o u t  by o n e  o f  two m ec h a n ism s ;  e i th e r  th a t  cells  c h a n g e  
sh a p e  to  ref lec t  the  e longa tion  and  narrow ing  of  the  tissue m ass ,o r  th a t  they 
undergo  rea r ran g em en t and eventually re tu rn  to their  original shape.
T he  idea of cell rea rrangem en t had  not been  recognised as an im portan t 
m o rp h o g e n e t ic  m echan ism  for m ore  th an  30 years  until it was revived by the 
w ork  of F ris trom  (1976) and Fristrom  and Fristrom  (1975) on the elongation of 
th e  im aginal leg discs in Drosophila. T hey  a rg u e  that ,  given the  fact th a t  cell 
d iv is io n ,  ce ll  d e a th ,  a n d  m o v e m e n t  o f  ce lls  in o r  o u t  o f  th e  p l a n e  o f  th e  
epithelium  are  constant, the elongation of the discs can only occur as a result of 
e i t h e r  th e  e lo n g a t io n  o f  th e  cells th e m s e lv e s  o r  by c e l lu la r  r e a r r a n g e m e n t .  
They  repo r ted  tha t  there  is no evidence for any elongation of cells themselves 
an d  th a t  cells in the  discs re a r ra n g e  them selves  so th a t  the  n u m b e r  o f  cells in 
the  long axis increases  while the  n u m b e r  o f  cells a ro u n d  the  c ircum fe rence  
decreases  in proportion  to that increase.
A t a b o u t  the  sam e  tim e Jaco b so n  and  G o rd o n  (1976) r e p o r te d  th a t  cell 
r e a r ra n g e m e n t  is responsib le  for giving the  p ro p e r  sh a p e  to  the  cells o f  the
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neura l  p late  in the newt embryo.
E v id e n c e  fo r  e p i th e l ia l  cell r e a r r a n g e m e n t  c o m e s  f ro m  a t im e  lap se  
c inem atographic  study on gastrulation in Xenopus conducted  by Keller (1978). 
H e  s h o w e d  t h a t  ce lls  in th e  u p p e r  la y e r  o f  th e  in v o lu t in g  m a r g in a l  z o n e  
exchange neighbours at the  same time as the  mass of cells becom es longer and 
narrow er.
M o re  ev idence  fo r  ep ithe lia l  cell r e a r ra n g e m e n t  com es from  the  w ork  of 
K ag ey am a  (1982) on  the  em bryo  o f  the  M e d ak a ,  Oryzias latipes, using silver 
s ta in ing  m eth o d s .  H e  a rgued  th a t  the  ex tension  of  the  m arg inal  zone  o f  the  
e n v e lo p in g  lay e r  d u r in g  th e  c o u rse  o f  e p ibo ly  in th is  e m b ry o  is a r e s u l t  o f  
rea r ra n g e m e n t  o f  the  com ponent cells of that zone.
F u r t h e r  d i re c t  e v id e n c e  fo r  cell r e a r r a n g e m e n t  w as d e m o n s t r a t e d  m o re  
recen tly  by K elle r  and  T rinkaus  (1987) who used  tim e lapse  c in e m ato g rap h y  
a n d  silver sta in ing  to  study the  p rocess  o f  ep iboly  in a n o th e r  te leo s t  em bryo  
(Fundulus). As the enveloping layer passes the eq u a to r  of the  yolk and  moves 
tow ards  the  vege ta l  pole, cells which used  to occupy th e  m arg inal  positions  of 
th is  lay e r  t r a n s lo c a te  to  occupy  su b m a rg in a l  p o s i t io n s .  T h is  re su l ts  in th e  
reduction  requ ired  for the  circumference of the layer to be accom m odated  into 
the narrow er  space available. A t the sam e time submarginal cells undergo  cell 
r ea r ran g em en t  by reducing the boundaries  be tw een  them  and  shifting to m ore 
subm arginal positions.
In this way, cell r e a r ra n g e m e n t  occurs in Fundulus  w ithou t  d isrup ting  the 
integrity o f  the perm eability  barr ier  provided by the apical tight junctional seal 
o f  this ep ithe lium . This b a r r ie r  needs  to be  im p e rm e a b le  th ro u g h o u t  for the  
norm al course of developm ent to proceed  (B ennett  and  Trinkaus, 1970).
Cell r e a r ra n g e m e n t  also occurs during  the  seconda ry  invag ination  o f  the  
a rchen te ron  of the sea urchin gastrula (E ttensohn , 1985a; H ard in  and  Cheng,
1986), an d  a t  the  n eu ru la  s tage o f X enopus  w h e re  it leads  to  the  leng then ing
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and narrowing of the notochord (Keller et. al. , 1985).
Cell r e a r ra n g e m e n t  can also occur within an ep ithe lium  w ithou t  changing 
the shape  of that epithelium, as has been  recently shown by Nardi and Adam s 
(1986). They repo r ted  that cell rearrangem en t is involved in the pattern ing  of 
the  m o th  wing. T hey  have shown th a t  the  cells o f  the  scale p r im ord ia ,  which 
are  distributed random ly at first, align themselves into regular transverse rows 
with a few rows of unspecialised epithelial cells. Scales then  start to grow from 
these aligned rows in the proximal-distal direction.
1.1.2.1- Types o f  cell rea r ra n g e m e n t :
A c c o rd in g  to  the  so u rc e  o f  fo rce  n e e d e d  fo r  cell r e a r r a n g e m e n t  to  ta k e  
place there  are  two types ; passive and active cell rearrangem ents .
A) Passive cell rea r ra n g e m e n t :
G e n e ra l ly  speaking , passive cell re a r ra n g e m e n t ,  as in the  cases descr ibed  
above for am phib ian  and fish embryos,is brought about by the tendency of the 
cells in an  ep ithe lium  to re tu rn  to the ir  original shape  a f te r  the  d is to r tion  of 
th a t  sh ap e  by an ex te rnal  force exerted  on th a t  ep ith e liu m  by a n o th e r  tissue. 
F o r  e x a m p le ,  in th e  ep ibo ly  o f  Fundulus  th e  e x te rn a l  fo rc e  e x e r te d  on the  
epithelial cells of the enveloping layer is genera ted  by the syncytial layer which 
u n d e r l i e s  th e  e n v e lo p in g  la y e r  a n d  s p r e a d s  o v e r  th e  yo lk  a h e a d  o f  it. In 
am p h ib ia n  em bryos cell r e a r ra n g e m e n t  is t r iggered  by the  active m o v em en t  
a n d  a r r a n g e m e n t  o f  m e s e n c h y m a l  ce lls  o f  th e  d e e p  ce ll  la y e r  d u r in g  its 
extension (Keller, 1986).
H o n d a  et. al. (1982) studied wound healing in the epithelia  of the cat cornea 
using t im e lapse c inem atography . H e show ed th a t  cells at the  m argin  o f  the  
w ound first elongate to cover the centre of the wound. Having done that, they 
t h e n  r e a r r a n g e  t h e m s e l v e s  by s h o r t e n i n g  t h e i r  ce l l  b o u n d a r i e s  w h i le  
m ain ta in ing  con tac t  with ad jacen t  cells until the  ap ices  o f  four  cells in tersec t  
and  re tu rn  to their original shape. In this case the force needed  tor this passive
5
r ea r rangem en t  has resul ted from the migration of the marginal  cells to cover the 
wound.
B) Active cell r ea r ra n g e m e n t :
This type of  cell rea r rangement  tends to be a general feature  of invertebrate  
e p i t h e l i a .  H e r e  t h e  d r iv ing  f o rc e  o f  t h e  p r o c e s s  is g e n e r a t e d  w i th in  the  
epithelial  cells themselves.
A c t iv e  cel l  r e a r r a n g e m e n t  have  b e e n  d e m o n s t r a t e d  by F r i s t r o m  a n d  
Frist rom (1975), and Fris trom (1976) during the elongation of  the imaginal leg 
discs of  the Drosophila , and by Et tensohn (1985a) in the a rchenteron  of  the sea 
urchin. In both cases cells rearrange themselves so that their num ber  increases 
in t h e  l o n g  axis  o f  t h e  p l a n e  o f  t h e  t i s s u e  b u t  d e c r e a s e s  a r o u n d  t h e  
circumference.
1.1.3- T H E  CY TO SK ELETO N  IN MOVING E PIT H E L IA L  C E L L S :
Epithel ial  cell movement  and stability are  achieved by the interact ion of  the 
cytoplasmic polymer systems represented  by microfilaments,  microtubules,  and 
i n t e r m e d i a t e  f i l a m e n t s ,  a l o n g  w i th  a d h e s i o n s  to  t h e  s u b s t r a t u m  a n d  
neighbouring cells.
1.1.3.1 M icrofilam ents:
Microfi laments are  actin-based s tructures  which form a network around the 
a p i c a l  a n d  b a s a l  s u r f a c e s  o f  e p i t h e l i a l  cel ls.  T h e  r in g  o f  m i c r o f i l a m e n t s  
a s s o c i a t e d  w i th  t h e  zo n u la  adherens  is t h e  m o s t  p r o m i n e n t  r e g i o n  o f  this  
network.  It is this ring of microfi laments which brings about  the contract ions of 
t h e  e p i t h e l i u m  w h i c h  is t h e n  t r a n s m i t t e d  to  n e i g h b o u r i n g  ce l l s .  S u c h  
c o n t r a c t i o n s  lead  to invag ina t ion  of  the  s h e e t  w h e n  it occu rs  a t  the  apical  
s u r f a c e  o f  t h e  cel ls,  whi le  c o n t r a c t i o n s  a t  t h e  b a s a l  s u r f a c e  l e a d  to  t h e i r  
evagination. Both processes cease when the tissue is t reated with cytochalasin 
B which disturbs these actin-based s tructures  ( Owaribe el. al., 1981).
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Jacobson et. al. (1986) propose in their "cortical tractor" model  for epithelial 
fo ld ing  th a t  cor t i ca l  m ic ro f i l a m en t s  found  at  the  ap ices  o f  e p i the l i a l  cells 
accumula te  there  as a result of cortical flow of  adhesive s tructures  apicalwards. 
They  suggest that  if the rate of recycling of  these adhesive s tructures is slower 
than  thei r  inser t ion at  the basal  surface,  a pi le-up of  these s t ruc tu res  occur  at 
the apical  surface of  the cells leading to the p reven t io n  of  d e t a c h m e n t  of  the 
cells.
Microf ilaments are  also involved in the elongat ion of epithelial  sheets as in 
the case of  the n e m a t o d e  C.elegans (Priess and  Hirsh,  1986). H e r e  the actin 
f i lamentous bands which are  distributed t ransversely beneath the apical side of 
each epithelial  cell contract  and lead to the anter ior-poster ior  elongation of  the 
hypodermal  cells with corresponding narrowing of the circumferentially located 
cells. The  force which results f rom this elongat ion leads to shape change of the 
embryo from spherical to worm-shaped.
O w a r ibe  et. al. (1981)  used chick glycer inated retinal  p igm en ted  epithel ial  
cells developed in vivo and in vitro to study the effect of the contract ion of the 
c ircumferen t ia l  microf i laments  at the apical  surface of  individual  cells on the 
s h a p e  o f  the  who le  ep i th e l iu m .  T h e y  r e p o r t e d  t h a t  w h e n  the  m o n o la y e r  
epi thelium is t ransferred to an Mg-ATP solution each cell starts to contract  and 
as  a r e s u l t  t h e  w h o l e  e p i t h e l i u m  b e c o m e s  d i v id e d  in to  smal l  cel l  g r o u p s .  
F u r th e r  con tract ions  in the cells of  each g roup  led to the lifting of  the in turn 
detaches from the substratum.
O w a r i b e  a n d  M a s u d a  ( 1 9 8 2 )  s u g g e s t e d  t h a t  t h e  m i c r o f i l a m e n t s  
responsible  for such contract ions at the apices of  the pigmented epithelial cells 
are  those which are  loosely packed  with r an d o m  polari ty,  and  a re  assoc ia ted  
w i t h  z o n u la  a d h e ren s  ( s e e  b e l o w ) ,  as  t h e  o n e s  w h i c h  w e r e  f o u n d  to  be 
associated with the same structure in isolated brush borders  from the intestinal
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epithel ium (Rodewald  et. a /., 1976). Microfi laments are also involved in the 
cell r ea r rangemen t  which is responsible, as shown above, for the elongat ion of 
the imaginal leg discs of Drosophila (Fristrom, 1976).
In a d d i t i o n ,  m i c r o f i l a m e n t s  a r e  i m p o r t a n t  e l e m e n t s  in t h e  p r o t r u s i v e  
activities of  epithelial  cells. These protrusive activities play an integral part  in 
the locomotion of single cells (Trinkaus, 1984). The  basal surfaces of  epithelial 
cells exh ib i t  t h e s e  act ivi t ies  ( F r i s t rom ,  1988). B e r e i t e r - H a h n  et. al. (1981)  
p roposed  a model  for locomotion of isolated X enopus  epidermal  cells involving 
microf ilaments at the cortex of these cells. They suggest that  when an a rea  of 
the  cell body  forms a lamella the cortical f i laments  con tr ac t  and  pull the cell 
m e m b r a n e  which faces  the cul ture m ed ium  towards  the coverslips  on which 
t h e s e  cel ls  h a v e  b e e n  g row n .  As a r e s u l t  o f  t h e s e  c o n t r a c t i o n  a f low of  
cytoplasm into the lamella  occurs  and, as o the r  fibrils at  the base of  the cells 
contract , the whole cell body moves in the direction of  the lamella.
Che rnoff  and Over ton (1979) suggested that  microfi laments are  responsible 
for  t he  migrat ion of  the edge cells of  the chick b las toderm , since t r e a tm e n t  ot 
these cells with cytochalasin B led to the retract ion of the edge cells and to their 
de ta chm en t  f rom their substratum, the vitelline membrane .
1.1.3.2- M icrotubiiles:
Two classes of  microtubules  coexist in cells: a stable class and ano ther  which 
polymer ises  and  depo lymeri ses  rapidly (Shulze and Kirschner ,  1987). These  
cytoskeletal e lements  have been associated with stabilisation of cell shape and 
t h e  s h a p e  o f  s o m e  c e l l u l a r  o r g a n e l l e s .  F o r  e x a m p l e  t h e  d i s t r i b u t i o n  of  
microtubules  parallel to the long axis of co lumnar  epithelial cells may functions 
to  s t a b i l i s e  t h e  e l o n g a t e d  s h a p e  o f  t h e s e  cells  ( B y e r s  a n d  P o r t e r ,  1964; 
Burns ide,  1973). They also play an im por tan t  role in cell division main taining 
Golgi  s t ruc tu re  and  the dist r ibut ion of  the cytoplasmic c o m p o n e n t s  of  cells 
(Simons and Fuller, 1985), and in cytoplasmic flow in some cells.
M i c r o t u b u l e s  a r e  k n o w n  to play an  i m p o r t a n t  ro le  in m a i n t a i n i n g  the  
polar ised morphology of fibroblasts (Vasiliev and Gelfand,  1976). T rea tm en t  of 
c u l t u r e d  f ib rob la s t s  with m ic r o tu b u le - d e s t r o y in g  d rugs  such  as colcemid ,  
colchicine, and  nocodazo le  leads to the loss of  the po lar ised m orphology  of 
t h e s e  cells a n d  inh ibi ts  the i r  abil ity to s p r e a d  on  s u b s t r a t a  (Vas i l iev  et. al., 
1970; Gail  and  Boone ,  1971; Go ldm an ,  1971). Although  this seem s to be a 
g e n e r a l  ro le  in f ib rob la s t s ,  e xcep t ions  have b e e n  r e p o r t e d .  G e l f a n d  et. al. 
(1985) r epor ted  that  small fragments  of  fibroblastic cells are  unaffected by such 
t rea tm en t  while larger intact fragments  are.
T h e  d e p e n d e n c e  of  ep i the l i a l  cell m o rp h o lo g y  and  s p r e a d i n g  on the i r  
mic ro tubu le  systems is, however,  more  controversial .  D o m n in a  et. al. (1985) 
r e p o r t e d  t h a t  s o m e  e p i t h e l i o i d  ce l l  l in e s  e x h i b i t  t h e  s a m e  r e s p o n s e  to  
m i c r o t u b u l e - d i s r u p t i n g  d ru g s  as f i b r o b la s t s .  H o w e v e r ,  s e v e r a l  r e p o r t s  
(DiPasquale ,  1975 on chick embryo gut epithelial cells; Chernoff  and Overton, 
1979 on chick blastoderm edge) argue that  the maintenance of the morphology 
of  e p i th e l i a l  cells in these  d i f f e ren t  e m b r y o n ic  t is sues  do e s  not  d e p e n d  on 
microtubules.
M ore  recently, Middleton et. al. (1988) studied the effect of two microtubule  
destroying drugs, colcemid and nocodazole,  on the shape of cul tured embryonic  
chick hear t  fibroblasts and two epithelial cell types; corneal  epithelial  cells and 
e p i d e r m a l  e p i the l i a l  cells. T hey  r e p o r t e d  t h a t  the d rugs  inh ib i ted  bo th  the  
e lo n g a t io n  a n d  s p r e a d i n g  of  f ib rob la s t s  bu t  did not  s ign if ican t ly  a ff ec t  such 
p r o c e s s e s  in the  two e p i the l i a l  cell types,  a l t h o u g h  the  m ic r o tu b u l e s  of  the  
la t te r  cells had  clearly been  destroyed  by the drugs.  As to the reason  behind  
such  d i f f e r e n c e s  b e tw e e n  the e ffec t  of  these  d rugs  on the p o l a r i s a t io n  of  
f ib rob la s t s  a n d  ep i the l i a l  cells, M id d l e to n  a nd  c o -w o rk e r s  pu t  fo rw ard  two 
possible answers; a) it may be due to the way the microtubules  in these two cell 
types in te rac t  with their  re levant  in te rmed ia te  f i laments  which are  chemically 
different  f rom each other.  Fibroblasts contain vimentin filaments which are
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know n to  b re a k  dow n w hen  m ic ro tubu les  a re  d is ru p ted  ( F ra n k e  et. al., 1978; 
W an g  and  G o ld m an ,  1978; H e n d e rso n  and  W eb er ,  1981), while in te rm e d ia te  
f ilam en ts  in ep ithe lia l  cells a re  m ad e  o f  cy tokera tin  f ilam ents  which do  not 
genera lly  b re a k  dow n w hen  m ic ro tubu les  a re  des troyed  (O sb o rn  et. al., 1977; 
H en d e rso n  and  W eber, 1981; F ranke  et. al., 1978). Alternatively b) it may be 
due  to the  fact tha t  these epithelial cells a re  smaller in size than  fibroblasts and 
so they a re  not d e p e n d en t  on microtubules to m aintain their  morphology. This 
explanation is a lready partially supported  by the work of G elfand  et. al. (1985) 
w ho  fo u n d  th a t ,  e v en  b e tw e e n  f ib ro b la s ts  th em se lv e s ,  th e  e ffe c t  o f  th ese  
m icrotubule-disrupting drugs depends  on the size of the fibroblastic fragments.
T he  role of m icrotubules in the orientation of cells during their m igration is 
a n o th e r  a con trovers ia l  issue. G o tl ieb  et. al. (1981) w ho s tud ied  the  re la tion  
b e tw e e n  th e  lo c a t io n  o f  m ic ro tu b u le  o rg an is in g  c e n t r e s  ( M T O C s )  a n d  th e  
d i r e c t i o n  o f  m ig r a t i o n  o f  c u l t u r e d  e n d o th e l i a l  ce lls ,  r e p o r t e d  t h a t  in th e  
majority of migratory cells of this type M T O C s are located in front of the nuclei 
to w a rd s  th e  d i re c t io n  o f  m o v e m e n t  o f  th e  s h e e t  w hile  they  a re  ran d o m ly  
distributed in non-migratory cells. They claimed that M TOCs, their associated 
m ic ro tu b u le s ,  a n d  c e n tr io le s  p lay  a ro le  in e s ta b l ish in g  th e  d i re c t io n  o f  cell 
migration. Trinkaus (1984) suggested that this role of microtubules is a passive 
one. H e  explains th a t  once  one  lam ella  has d o m in a te d  over  the  o th e rs  it will 
o r ie n t a t e  th e  m ig ra t in g  cell to w a rd s  its d i re c t io n ,  g e n e ra t in g  te n s io n  w hich 
could help the alignm ent of microtubules in that particular direction.
E v idence  for the  in d e p e n d e n c e  o f  d irec tiona l  ep ithe lia l  cell m o v em e n t  on 
m ic ro tubu les  com es from  the  w ork  o f  E u te n e u e r  and  Schliwa (1984) on fish 
e p id e rm a l  ke ra tocy tes . T hey  r e p o r te d  th a t  individual cytoplasm ic  f ragm en ts  
which lack any microtubules, centrioles or nucleus are  capable  of assuming the 
same directional locomotion as intact cells. They concluded that the force for 
m o v e m e n t  o f  e p id e r m a l  ce lls  is g e n e r a t e d  a n d  r e g u l a t e d  loca l ly ,  in th e  
lamellae.
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1.1.3.3- In te rm ed ia te  F ilam ents
I n te r m e d ia t e  f i l aments  a re  s table  s t ruc ture  forming  a m ajor  c o m p o n e n t  of 
d i f f e r e n t i a t e d  e p i t h e l i a l  cells .  T h e i r  r o le  in t h e s e  cells  is t h o u g h t  to  be 
mechanical ; they may be involved in maintaining the shape of the cells and in 
giving them  the ability to stretch. As stated above, these in termediate  filaments 
a re  c o m p o s e d  of  cytokerat ins  in epithel ia l  cells while those  of  f ibroblasts  are 
vimentin-containing filaments. The  role of  these f ilaments in early embryonic  
deve lopment  has yet to be demonstrated.
1.1.4- E P IT H E L IA L  IN TER C ELLU LA R  JU N C T IO N S :
An im p o r ta n t  f ea tu re  charac ter is t ic  of  epithel ia l  sheets  is the p resence  of  
two c ircumferen t ia l ly  a r r a nge d  sets of  junct ions  below the apical  ends  of  the 
cells. These  junct ions are  the zonula adherens and zonula occludens (occluding 
junct ions).
1.1.4.1 - Z onu la  adherens:
T h e  funct ion of  the zonu la  adherens  is to a d h e re  ad jacen t  cells toge ther .  
They  a re  assoc ia ted  with a dense  mat  of  c i rcumferent ia l ly  d is t r ibu ted  actin 
f i l a m e n ts  j u s t  b e n e a t h  the  p la sm a  m e m b r a n e  of  the  cells ( F a r q u h a r  and  
Palade,  1963; Staehelin, 1974).
1.1.4.2- Zonu la  occludens:
In ve r t e b ra t e  epi thel ia l  cells occluding junct ions  are  r e p r e s e n t e d  by tight 
jun c t io n s .  T h e y  a re  l oca ted  at  the  apica l  s ide o f  the  cells a b o v e  the  zo n u la  
adherens. They function as permeabi lity barr iers by preventing the diffusion of 
small  m o le c u le s  via the  in te r ce l lu l a r  spaces .  In t h es e  j u n c t io n s ,  the o u t e r  
plasma m em branes  of  the cells look inseparable ( Staehelin, 1974).
Although tight junct ions are sometimes absent  f rom some epithelia such as 
the epi thelium lining the blood capillaries (Fawcett ,  1966), they are  especially 
well developed in epithelia which separa te  two very different media with
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respec t  to the ir  osmotic  p ressure  such as in the case of  the ep i the l ium  of  the 
e n v e lo p i n g  layer  o f  F u n d u lu s  which  s e p a r a t e s  the  e m b r y o  f rom  the highly 
saline surrounding medium. Here  they are  dist ributed in such a way as to form 
an  u n le a k y  b a r r i e r ,  while  a t  the  s a m e  t ime  p e r m i t t i n g  cell r e a r r a n g e m e n t  
(Keller  and Trinkaus, 1987).
T h e  o th e r  two types of  junct ions  that  a re  c o m m o n  b e tw e en  epithel ia l  cells 
are m acula adherens (desmosomes)  and gap junctions.
1.1.4.3- Desm osom es:
D e s m o s o m e s  a re  adhesive in na tu re  (Kolega,  1986; Over to n ,  1973), and  
because of  this adhesive nature  they seem to influence the positioning of  cells 
within the  t issue  i.e. they  a re  involved in the  p roces s  of  so r t ing  ou t  o f  cells 
(Trels tad et. al., 1967; Overton,  1977). In her experiments  on mixed aggregates  
of  cells, Overton (1977) found that cells which are  capable of forming the most  
d e s m o s o m e s  sor t  out  internal ly while those which are  less capab le  of  forming 
desmosom es  are  displaced to the periphery.
D e s m o s o m e s  usua l ly  d e v e l o p  b e t w e e n  cells  in an e p i t h e l i u m  u n d e r  
m echanica l  s tress (Lackie,  1986). They  are  a n c h o re d  to the cytoplasm with 
t o n o f i l a m e n t s ,  a type o f  i n t e r m e d i a t e  f i l am en t ,  which  have  no co n t r a c t i l e  
p r o t e i n s  a n d  which  o r ig in a te  in the  c y top la sm  and  loop  in a nd  ou t  o f  the 
desm osom es .  In this way these f i laments  provide the d e s m o s o m e s  with their  
extremely adhesive propert ies  which makes them resist any mechanical  stress 
exerted on the cells which they adhere  together  (Trinkaus,  1984).
1.1.4.4- G ap  junctions :
G a p  j u n c t i o n s  a r e  w i d e ly  d i s t r i b u t e d  in e p i t h e l i a .  T h e y  c o u p l e  ce l l s  
c h e m i c a l l y  a n d  e l e c t r i c a l l y  ( G i lu la ,  1980)  a n d  ha v e  b e e n  i m p l i c a t e d  in 
intercellular communicat ion (Gilula el. al., 1972; Goodenough  and Revel, 1970; 
Revel et.al. , 1973) probably by means of cell-to-cell t ransfer of metabol ites
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(Gilula et. a l,  1972; Pederson  et. a l ,  1980). They are  also thought to be involved 
in the  co-ordination of cellular activities such as cell m ovem ent in cell sheets ( 
A n d r ie s  et. al., 1985). E v id e n c e  fo r  th e  im p o r ta n c e  o f  g a p  ju n c t io n s  in cell 
com m unication comes from  the w ork of W arn e r  et. a l  (1984). They reported  
tha t  disruption of these junctions in Xenopus by microinjection of antibodies to 
gap  junction proteins has resulted in abnorm al embryonic developm ent.
1.1.5- CELL SUBSTRATUM INTERACTION;
O n e  o f  the  distinctive charac te r is t ics  o f  ep ithe lia l  cells c u ltu red  in vitro is 
th a t  th ey  m ig ra te  as a cohes ive  sh e e t .  S e v e ra l  s tu d ie s  h av e  d e a l t  w ith  the  
in teraction be tw een  the epithelial cells and  the substra ta  on which they move, 
a n d  it is g e n e ra l ly  a c c e p te d  th a t  cells w hich  m a k e  c lose  c o n ta c ts  w ith  the  
s u b s t r a tu m  a re  h ighly  m o ti le  w h e n  c o m p a r e d  w ith  th o se  w h ich  m a k e  focal 
c o n ta c ts ,a l so  k n o w n  as d e n s e  p la q u e s .  R a d ic e  (1 980b )  u sed  in te r f e r e n c e  
re f lec tion  m icroscopy  ( IR M ) to  study b o th  in vitro and  in situ  locom otion  and  
cell-substratum  interaction in Xenopus ep iderm al cells. H e  rep o r ted  tha t  as the 
cells move, m ost of their leading lamellae and  some parts  of the cell body show 
b road  grey regions which rep resen t areas  of close contact be tw een  these cells 
and  their substratum .
R a d ic e  (1 9 8 0 b )  a lso  n o te d  th a t  w ith in  th e s e  grey  a r e a s  a re  so m e  d a rk e r  
sp o ts  w hich  r e p r e s e n t  a r e a s  o f  foca l  c o n ta c ts .  Cells  w ith  foca l  c o n ta c ts  a re  
found  to  be  very few a t  the  edge  a re a  and  m ove slow er th an  the  cells w ithou t 
them . H e  also n o ted  th a t  the  p a t te rn  o f  close con tac t  changes  rap id ly  as the  
ce lls  m o v e  a n d  t h a t  a r e a s  o f  fo c a l  c o n ta c t s  do  n o t  m o v e  r e l a t i v e  to  th e  
s u b s t r a tu m  b u t  p e rs is t  fo r  se v e ra l  m in u te s  w ith in  th e  la rg e r  a r e a  o f  c lose  
contact, before  fading.
It has been  shown that regions of focal contacts a p p e a r  under  IRM  as dark  
spots because  they are the regions w here the separa tion  betw een  the cell body 
bundles of actin filaments or stress fibres (Burridge, 1981 and  Burridge et. a l,
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1987). C e lls  w ith  fe w e r  s tre ss  f ib res  m ig ra te  m o re  rap id ly  ( C o u c h m a n  an d  
R ees, 1979 for fibroblasts, and Radice, 1978 for ep iderm al cells).
C o u c h m a n  and  R e e s  (1979) and  C o u c h m a n  et. al. (1982) also no ticed  th a t  
for fibroblasts grown in culture, as time progresses, bo th  stress fibres and focal 
contact develop and  this results in a decrease in the  ra te  o f  cell m ovem ent.
T h e  a p p e a r a n c e  o f  s tress  f ibres is th ough t  to  be  a resu lt  o f  an  increase  in 
surface fibronectin; cells with less surface fibronectin, such as transform ed  cells, 
lack b o th  stress  f ibres and  focal contac ts .  H ow ever ,  if f ib ronec t in  is a d d e d  to 
these t ransform ed  cells they regain their norm al morphology and develop both 
structures (Ali et. al., 1977; Burridge et. al., 1987; Willingham et. a l,  1977).
K o le g a  et. al. (1982)  have  s tu d ie d  c e l l - s u b s t ra tu m  c o n ta c t  in a m p h ib ia n  
le u k o c y te s ,  a m p h ib ia n  e p id e r m a l  cells, chick  h e a r t  f ib ro b la s ts ,  a n d  c a n in e  
k i d n e y  e p i t h e l i a l  c e l l s  u s in g  b o t h  I R M  t e c h n i q u e  a n d  t i m e - l a p s e  
c inem ic rog raphy  an d  confirm ed  the  findings of  the  p rev ious  investiga tors  in 
tha t ,  basically, close con tac ts  a re  assoc ia ted  with rap id  cell m o v em e n t  while 
focal contacts are  associated with reduced  cellular m ovem ent and  m ain tenance  
of the  sp read  cell shape.
1.2- THE CHICK BLASTODERM AS A SYSTEM TO STUDY EPITHELIAL 
CELL BEHAVIOUR;
T h e  b la s to d e rm  o f  a v ian  e m b ry o s  e x p a n d s  to  e n c o m p a s s  th e  e x tre m e ly  
large mass of the egg yolk in a process called epiboly. Because of the wide a rea  
tha t  is needed  to be covered by that expansion, the  process is indeed  the most 
extensive type of epithelial spreading that is found during the m orphogenesis  of 
any ve rteb ra te  embryo.
In the  freshly laid h e n ’s egg the  b las to d e rm  is a small m e m b ra n e  c ircular 
sh e e t  o f  tissue ju s t  3m m  in d ia m e te r  lying on the  yolk mass. T h e  b la s to d e rm  
and  the yolk mass are  enclosed by a m em brane . A fter abou t 10 hours of
14
incubation, the  b las toderm  margin attaches to the overlying vitelline m em brane  
and  starts to expand centrifugally. It reaches the equa to r  of the  egg by the third 
day  o f  in c u b a t io n  an d  d u r in g  th e  fo u r th  day  it e n c o m p a s s e s  th e  w h o le  yolk 
(Bellairs,1963).
T he  b las toderm  during the first day of incubation (stage 4-6 of H am burge r  
and  H am ilton, 1951) is divided according to its ap p earan ce  into two concentric 
zones, a cen tra l  t ra n s lu c e n t  zone  called the  area pelluc ida  and  a d e n se r  o u te r  
zone called the area opaca. The  em bryo forms from the central pa rt  of the area 
pellucida  while the  lateral parts  of this a rea  along with the area opaca  form the 
e x traem bry ion ic  tissue. T h e  b la s to d e rm  is originally co m p o se d  o f  two layers, 
an u p p e r  layer or the  ec toderm  and a lower layer, the hypoblast, which is m ore 
or less equivalent to the endoderm . It is thought that the hypoblast develops as 
a resu lt  o f  e jec tion  of  its cells from  the  u p p e r  layer du e  to d iffe rences  in the  
s u r fa c e  p r o p e r t ie s ,  w ith  th e  h y p o b la s t  cells b e in g  less a d h e s iv e  (Z a l ik  a n d  
Sanders 1974, Eyal Giladi et. al. 1975 and  Bellairs 1986). A fter  the appearance  
o f  th e  p r im it iv e  s t r e a k ,  cells  pass  th ro u g h  it in to  th e  h y p o b la s t  an d  fo rm  a 
central area , the  definitive endode rm  (Bellairs, 1953). T he  latter  displaces the 
hypoblast to  the  bo rder  of the area pellucida  (England  and  Wakely, 1986).
T h e  area opaca  is div ided acco rd ing  to the  m orpho logy  of  its cells into 
th ree  zones; the  inner zone, the syncytial zone and the "margin of overgrowth" 
( B e l la i r s ,  1963; B e l la i r s  et. a l ., 1969). It is th is  l a t t e r  a r e a  w h ic h  I will be  
concentrating on th roughout this literature  review.
T h e  cells o f  the  "m argin  o f  overgrow th" a re  called  the  " leading edge  cells" 
(D ow nie  and  P egrum , 1971) and  a re  the  only cells o f  the  b la s to d e rm  which 
a t ta ch  to and  actively m ove on the  inner  su rface  o f  the  vitelline m e m b ran e .  
These  cells m igrate centrifugally across the vitelline m em brane  leading to the 
expansion of the whole b las toderm  (New, 1959; Bellairs, 1963; Bellairs et. al., 
1969).
New (1959) a t tem p ted  to answer the question why the leading edge cells of
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the  b las toderm  are  the only cells tha t  have the ability to a ttach  to the vitelline 
m em b ran e  and move over it. H e  put forward two possible explanations: a) that 
the  cells of the  leading edge may be intrinsically different, with regard  to their 
su rface  s truc tu re ,  f rom  the  rem ain ing  cells of  the  b la s to d e rm  O R  b) th a t  they 
m ay be  intrinsically the  sam e  bu t  the ir  m arg inal  pos ition  m ay e n a b le  th em  to 
b e h a v e  d if fe ren tly .  H is  f u r th e r  e x p e r im e n ts  on  th e  b la s to d e rm  m a d e  him 
favour  the  first exp lana tion . His exp lana tion  was fu r th e r  s u p p o r te d  by o th e r  
workers (Bellairs and  New, 1962; Bellairs, 1963; Bellairs et. al. , 1969).
T he  u ltrastructure  of the leading edge cells has been  studied by Downie and 
P e g r u m  ( 1 9 7 1 ) .  T h e y  r e p o r t e d  t h a t  t h e s e  c e l l s  h a v e  a n  a b u n d a n c e  o f  
m icrotubules, bundles of cortical filaments, and o rien ted  lamellae which attach 
to the  vitelline m e m b ra n e  via a t ta c h m e n t  p laques. T h e se  a re  all im p o r ta n t  
fea tures  of actively moving cells (B aker and  Schroeder, 1967).
T h e  e x p a n s io n  o f  th e  b l a s t o d e r m  to  c o v e r  th e  w h o le  yo lk  in v o lv e s  an  
increase in its a rea  of over 200 fold. This increase m ust involve a great deal of 
growth. Schlesinger (1952) conducted a series of cauterisation experim ents  on 
the  b la s to d e rm  of  the  chick em bryo. H e  a rg u ed  th a t  g row th  occurs  actively 
f ro m  th e  e d g e  a r e a  a n d  n o t  by ce ll  p r o l i f e r a t i o n  in any  o t h e r  p a r t  o f  th e  
b la s to d e rm .  H is  e x p e r im e n ts  h o w e v e r  in c lu d e d  m an y  a r t i fa c ts  w hich  a re  
know n to affect the  sp read in g  of  the  edge cells, such as d am ag ing  pa r ts  o f  the  
vitelline m em b ran e  which are  crucial for edge cell m ovem ent. Downie (1976) 
s tud ied  cell p ro life ra t ion  in the  b la s to d e rm  of  the  chick em bryo  and  r e p o r te d  
tha t  cell proliferation has never been  observed am ong  the edge cells but only in 
the rest of the b lastoderm . These  findings have been  recently supported  by and 
M o n n e t-T sch u d i  and  K ucera  (1988) who used  a u to ra d io g ra p h y  to  s tudy the 
sam e problem .
D ow nie  (1976) also re p o r te d ,  how ever, th a t  the  ra te  o f  p ro life ra t ion  is not 
the sam e throughout the b lastoderm  but differs from one a rea  to a no the r  and 
from  one  s tage  of  d e v e lo p m en t  to a n o th e r ;  a t  the  s ta r t  o f  expansion  all n o n ­
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edge cells proliferate  at a rapid  ra te  bu t as expansion proceeds the proliferation 
b e c o m e s  res tr ic ted  to  ce rta in  a reas . F o r  exam ple, a t  s tage 17-18 (H .H .) ,  cell 
p roliferation is low at two points, nea r  the area vasculosa and nea r  the leading 
e d g e ,  a n d  is h igh  in th e  a r e a  w h ic h  lies  b e tw e e n  th e  tw o  low  p o in ts .  As 
e x p a n s io n  p r o c e e d s  f u r th e r  cell p r o l i f e r a t io n  in th e  b la s to d e rm  b e c o m e s  
restric ted  to a narrow  area  around  the area vasculosa.
1.2.1- TENSION IN THE BLASTODERM:
N ew  (1959) n o te d  th a t  during  the  centrifugal active m ig ra tion  o f  the  edge 
cells  o v e r  th e  v i te l l ine  m e m b r a n e  th e  re s t  o f  th e  b la s to d e rm  c a m e  u n d e r  
tension. This mechanical tension is thought to be im portan t  in preventing the 
non -edge  cells o f  the  b la s to d e rm  from  piling up  and  in the ir  m ain ta in ing  the  
sh e e t - l ik e  a r r a n g e m e n t .  N ew  a rg u e s  th a t  this t e n s io n  is e s se n t ia l  fo r  th e  
norm al expansion of the blastoderm .
T h e  g e n e ra t io n  o f  te n s io n  in th e  b la s to d e rm  by th e  ed g e  cells was a lso  
supported  by Bellairs (1963) and later by Bellairs et. al. (1967) who stressed its 
i m p o r t a n c e  fo r  t h e  n o r m a l  d e v e lo p m e n t  o f  th e  e m b r y o ,  i n d ic a t in g  th a t  
experimentally  decreased  tension leads to cell dea th  in the  b las toderm  and to 
poo r  differentiation.
D ow nie (1976) also implicated the edge cells with the genera tion  o f  tension 
in th e  b la s to d e rm  a n d  s ta t e d  th a t  th is  t e n s io n  is a re su l t  o f  an  im b a la n c e  
betw een  the ra te  of the centrifugal m ovem ent of the edge cells and  the ra te  of 
p ro life ra t ion  o f  the  n on -edge  cells i.e. the  grow th  o f  the  b las to d e rm . H e  also 
m e a s u r e d  th e  a m o u n t  o f  t e n s io n  in th e  b la s to d e rm  a t  d i f f e re n t  s tag es  o f  
deve lopm ent by noting the retraction that these blastoderm s undergo after  the 
d e ta c h m e n t  o f  the  edge  cells from  the  vitelline m e m b ra n e .  H e  r e p o r te d  th a t  
tension is at its highest level at the s tart of the expansion when the rate  of cell 
p ro life ra t io n  (grow th) in the  b las to d e rm  is low, th en  it d ro p s  d ram atica lly  at 
later  stages w hen the ra te  of growth catches up with the ra te  of edge migration
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and so  releases the tension  on the blastoderm .
K u c e ra  and  M o n ne t-T schud i  (1987) confirm ed  the  p re se n c e  o f  tens ion  in 
the  b las toderm  and  repo r ted  that increasing the tension experimentally leads to 
a b n o rm a l  em bryon ic  dev e lo p m en t.  They, how ever, did no t ag ree  with New 
(1959), Bellairs (1963), and Downie (1976) on the origin o f  the  tension. They 
claim  th a t  rea l  t im e cine analysis show ed th a t  ten s ion  is no t g e n e ra te d  by the  
m o v e m e n t  o f  e d g e  cells  b u t  by th e  c o n t r a c t io n  o f  th e  n o n -e d g e  cells  o f  the  
in te rm edia te  and /or  the  periphera l  zones of the area opaca.
K u c e ra  an d  M o n n e t-T sch u d i  (1987) also claim th a t  tens ion  is no t equally  
d i s t r i b u t e d  t h r o u g h o u t  th e  b l a s t o d e r m  b u t  d i f f e r s  f ro m  a n  a r e a  u n d e r  
m axim um  strain rep resen ted  by the posterior pa rt  of the primitive s treak  to an 
a re a  u n d e r  less stress  r e p re s e n te d  by the  area pellucida. T hey  claim th a t  the  
tension has no effect on the leading edge cells themselves.
1.2.2- FIBRONECTIN AND CHICK DEVELOPMENT:
F ib ro n ec t in  a p p e a rs  in the  chick em bryo  shortly  b e fo re  gas tru la t ion  in the  
e c to d e rm a l  e x tra c e l lu la r  m atr ix .  It se em s  to  p lay  an  e s se n t ia l  ro le  in cell 
m igration during m orphogenesis. In fact, gastrulation (B oucaut et. al., 1984 in 
am p h ib ia n  em bryos; D u b a n d  and  Thiery , 1984 in chick em bryo) ,  neu ra l  crest 
migration in chick embryos (Bronner-Fraser, 1981; D uband  and  Thiery, 1982; 
New green and  Thiery 1980; Ravasio et. al., 1983) and  m ovem ent of mesoblasts 
(H a r r i s s o n  et. al., 1984) a re  all r e l a te d  to  the  p r e s e n c e  a n d  d is t r ib u t io n  o f  
fibronectin in the  embryo. Fo r  example, Ravasio et. al. (1983) and  B oucaut et. 
al. ( 1 9 8 4 )  r e p o r t e d  t h a t  in vivo  a n d  in vitro  s t u d i e s  u s in g  a n t i b o d i e s  to  
f ib ronec t in  suggest th a t  m ig ra tion  of em bryonic  cells req u ire  the  gu idance  of 
f ib ronec t in  in the  spatially  o rgan ised  ex trace llu la r  matrix, and  D u b a n d  and  
Thiery (1982) showed that the distribution of fibronectin plays a crucial role in 
guiding the migrating neural crest cells to their target sites.
High concentra tion  of fibronectin have been  found in arrays of fibrils along
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the  b o rd e r  be tw een  the area pellucida and  area opaca of the gastrulating chick 
em bryo (Critchley et. a l,  1979 and England, 1982). Contradictory  reports  exist 
as to  th e  fu n c t io n  o f  th is  b a n d . .  It has  b e e n  su g g e s te d  th a t  it is invo lved  in 
g u id in g  th e  m ig r a t io n  o f  m e s o b la s t  ce lls  a n d  th e  p o s t e r i o r  m o v e m e n t  o f  
p r im o rd ia l  g e rm  cells  (C r i tc h le y  et. a l ,  1979, W ak e ly  & E n g la n d ,  1979 an d  
England, 1980,1982). However, Andries et. al. (1985) repo r ted  that there  are 
only  few  cells on  th is  b a n d  a n d  th a t  th e s e  cells  a re  s p h e r ic a l  a n d  have  no 
la m e l la e ,  su g g es t in g  th a t  th e  b a n d  is n o t  a f a v o u ra b le  s u b s t r a tu m  fo r  th e  
sp read in g  o f  cells while, on the  o th e r  hand , cells on the  basa l  lam ina  ou ts ide  
this b a n d  show th e  fea tu re s  o f  actively moving cells. T hey  suggested  th a t  this 
b a n d  m ig h t  s e r v e  as  a b a r r i e r  t h a t  s t a b i l i s e s  t h e  p a r t i t i o n  b e t w e e n  th e  
e m b ry o n ic  a n d  e x t r a e m b ry o n ic  t is sue  a n d  a lso  s tab i l ises  th e  p o la r i ty  o f  th e  
early blastoderm .
M onnet-Tschudi et. al. (1985) studied the distribution of fibronectin in the 
chick b las toderm  and repo rted  that it is associated with the basal lamina of the 
e c to d e rm a l  p a r t  o f  the  b la s to d e rm  an d  is also found  all a ro u n d  the  actively 
moving edge cells and  the m esoderm al cells.
K u c e ra  a n d  M o n n e t -T s c h u d i  (1987) e x a m in e d  th e  in te r a c t io n  b e tw e e n  
fibronectin and  the ec toderm al cells of the b lastoderm . They used antibodies 
to fibronectin to see the effect that the disruption of its norm al distribution has 
on the b lastoderm . They repo rted  retraction of the area opaca and  distension 
of the  area pellucida. They also repo rted  that fibronectin fibrils a re  distributed 
in a rad ia l  p a t te rn  in those  a re a s  which c o n trac t  radially  i.e. in te rm e d ia te  and  
p e r ip h e r a l  z o n e s  o f  the  area opaca. T h e y  c o n c lu d e d  th a t  th e  m e c h a n ic a l  
ac tiv it ie s  o f  th e  e c to d e rm a l  cells m ay p lay  an  im p o r ta n t  ro le  in th e  in situ  
assem bly  o f  ex trace l lu la r  m atrix  c o m ponen ts .  T h e se  findings a re  s im ilar to 
those  o f  S inger (1979) w ho ind ica ted  th a t  f ib ronec tin  rich fibres a re  o r ie n ted  
with respect to bundles of intracellular microfilaments of fibroblasts cultured in 
vitro.
M o re  recen tly  Lash  et. al. (1990) d e m o n s t ra te d  th a t  f ib ronectin  is p re se n t
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be tw een  the cells of the chick b las toderm  edge acting as a substratum , in both  
cell-cell and  cell-substratum adhesion and  m ovem ent. They suggested tha t  the 
lead ing  edge  cells them selves  sec re te  f ib ronectin  during  the ir  m igra tion  and  
utilise it as a substra tum  for their migration.
1.23- CONCLUDING REMARKS ON CHICK BLASTODERM:
T h e  chick b las toderm  provides a very fertile field for the study of epithelial 
cell b e h a v io u r .  It  r e p r e s e n t s  a u n iq u e  system  o f  e p i th e l ia l  in te r a c t io n  an d  
b e h a v io u r  since, firstly it is co m p o sed  o f  an  ep ithe lia l  sh e e t  o f  cells in which 
only the  m arg inal  edge  cells a re  in con tac t  with the  su b s tra tu m , the  vitelline 
m em brane , at any time; secondly these edge cells a re  themselves different from 
any o ther  actively moving marginal epithelial cells in tha t  they are  multilayered 
which suggests that there  must be an excellent degree  of co-ordination betw een 
them  in o rder  to be able to expand in such an elegant way to cover the  whole of 
the  egg yolk; and thirdly, since there  is no cell proliferation am ong edge cells it 
is in te res t ing  to know  how such a small b a n d  o f  cells which used  to  encircle  a 
b las tod isc  only a few m illim etres  wide could  possibly encircle  a b las to d e rm  
which is 20 times as wide w hen the b las toderm  reaches the equa to r  of the egg.
F ina lly  th e  l a t e r  s tages  o f  ep ib o ly  in th e  ch ick  e m b ry o  have  b e e n  to ta lly  
ignored  by scientists  and  it would  be very w orthw hile  to c o m p a re  the  system 
h e re  w ith  th e  o n e  w hich  has  b e e n  ex tens ive ly  in v e s t ig a te d  in th e  te le o s ts  
Fundulus and Oryzias.
13- AIMS AND OBJECTIVES OF THE CURRENT RESEARCH:
This project is in tended  to focus on the following points:
1- D e ta i l e d  c o m p a r is o n  o f  th e  o rg a n is a t io n  o f  th e  lea d in g  e d g e  cells a t  15 
hours, 1 day, 1.5 day, 2, 2.5, 3, and  3.5-4 days o f  incubation  and  the  possible 
source of cell recru itm ent into the leading edge.
2- M o r p h o m e t r i c  a n a ly s i s  o f  t h e  l e a d i n g  e d g e  a t  t h e  a b o v e  s t a g e s  o f  
deve lopm en t and its relation to the of expansion of the blastoderm .
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3- T he  behaviour of edge cells at the end of epiboly.
4- Im m unofluorescent staining of the b lastoderm  to determ ine  the orientation 
of bo th  m icrotubules and  microfilaments in both  edge and non-edge cells, and 
the  effec t o f  inh ib itors  of  these  cytoskeleta l e lem en ts  on  b o th  the  shape  and  
m ovem en t of these cells.
5- The  distribution of fibronectin in the chick b lastoderm .
6- T h e  b e h a v io u r  o f  n o n -e d g e  cells c u l tu re d  in vitro on  th e  in n e r  a n d  o u te r  
surface of the vitelline m em brane.
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CHAPTER TWO
MATERIAL AND METHODS
2.1- Light microscopy:
F e r ti le  w hite  legho rn  eggs w ere  incuba ted  a t  37.5 C and  in a hum idified  
a tm osphere . W hen  they reached  the required  stage of deve lopm ent they were 
o p en ed  and  their blastoderm s dissected out in T yrode’s balanced  salt solution 
a n d  as m u c h  as p o ss ib le  o f  the  a d h e r in g  yolk was w a s h e d  o ff  th e  v i te ll ine  
m em brane , taking care not to disturb the leading edge cells or detaching them  
from  the  m em brane .
T he  vitelline m em branes  with the a ttached  leading edge cells were m ounted  
on glass rings to keep  the blastoderm  as flat as possible before  being fixed for 
two hours in Karnovsky’s half strength fixative (Karnovsky, 1965) p rep a red  as 
follows:
- Dissolve 10 gm. Paraform aldehyde in 125 ml. of distilled w ater  by heating to
O
60-70 C  on a magnetic  stirrer.
- A d d  a few d rops  o f  IN  sodium  hydroxide (N a O H )  so lu tion  to the  m ixture  
u n t i l  t h e  m ix tu re  b e c o m e s  c o lo u r le s s  (u su a l ly  2-4 d r o p s  o f  N a O H  w e re  
sufficient).
- Cool then add  25 ml. of 25% glutaraldehyde solution (TA A B  England).
- M a k e  up to a to ta l  vo lum e of 250 ml. with 0.1 M cacodyla te  bu ffe r  (p H  7.4), 
then  add  0.125 gm. anhydrous calcium chloride.
T he  0.1M cacodylate buffer used above was p repa red  by dissolving 4.28 gm. 
o f  sod ium  cacodyla te  in 100 ml. distilled w a te r  and  2.7 ml. o f  0.2 N HC1 then  
a d d e d .  T h e  so lu t io n  was th e n  m a d e  up  to  a to ta l  v o lu m e  o f  200 ml. w ith 
distilled water.
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A fte r  2 hours  in the  fixative, the  specim ens  w ere  w ashed  fou r  t im es in the 
buffer over a period  of abou t an hour, and post-fixed for 1.5 hour in 1% (W /V) 
osmium  tetroxide in cacodylate buffer a t 4 °C. T he  specim ens were then  washed 
th ree  times in cacodylate buffer for about an hour. They w ere  then  processed 
for em bedding  in Araldite  resin in the  following way:
- D ehydra te  in 30% alcohol (ethanol)
- D ehydra te  in 50% alcohol
- D ehydra te  in 70% alcohol
- D ehydra te  in 90% alcohol
- D ehydra te  in absolute alcohol
- D ehydra te  in dried absolute alcohol
- D ehydra te  in absolute a lc o h o l : propylene oxide (3:1)
- D ehydra te  in absolute a lc o h o l : propylene oxide (1:1)
- D ehydra te  in absolute a lc o h o l : propylene oxide (1:3)
- D ehydra te  in propylene oxide
- Two changes in pure  propylene oxide for 10 min. each.
T he  specim ens w ere  transferred  to open  glass vials containing a mixture of
equa l  vo lum es o f  A ra ld i te  resin  and  p ropy lene  oxide an d  left overn igh t on a
ro ta to r  to allow the evapora tion  of the propylene oxide and its substitution with
the resin. T he  specim ens were then transferred  to alum inium  plates containing
o
p u r e  r e s i n  in a n  o v e n  s e t  a t  60  C a n d  l e f t  f o r  3 6 -4 8  h o u r s  to  a l lo w  th e  
polymerisation of the resin.
S e m i- th in  se c t io n s  (lyum th ick )  fo r  light m ic ro sc o p y  w e re  cu t  w ith  glass 
knives on a R e ic h e r t  O M U 3  u ltram ic ro to m e  and  m o u n te d  on s ta n d a rd  glass 
slides. They were then  stained with 1% toluidine blue in 1% borax (aluminium 
borate ),  m ounted  with D P X  and examined under a Wild M 20 light microscope.
P h o to g ra p h s  w e re  t a k e n  on  a W ild M 20 p h o to m ic r o s c o p e  using  K o d a k  
P a n a t o m i c - X  f i lm s  ( A S A  3 2 ) .
10 min. 
10 min. 
10 min. 
10 min. 
2X10 min. 
10 min. 
10 min. 
10 min. 
10 min. 
2X10 min.
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2.2- Transmission electron microscopy (TEM):
U ltra th in  sections of  a reas  o f  in te res t  to be v iew ed u n d e r  the  transm ission  
e lectron microscope (T E M ) were cut on the u ltram icro tom e and  collected on 
slot grids which had  been  coated  with a film of 1% form var in chloroform. They 
w ere  th e n  s ta ined  with uranyl a c e ta te  and  lead  c it ra te  (R eynolds , 1965) for 5 
m inutes each and  examined under a Zeiss 902 TEM .
2 3 - Scanning electron microscopy (SEM):
S p e c i m e n s  i n t e n d e d  f o r  e x a m i n a t i o n  u n d e r  t h e  S c a n n in g  e l e c t r o n  
m ic ro scope  (S E M ) w ere  t ra n s fe r re d  a f te r  the  last change  in d r ied  abso lu te  
a lcohol in section  2.1 into a critical po in t  drying unit, m o u n te d  on a lum in ium  
s tu b s  using  d o u b le  s ided  se l lo ta p e ,  an d  s p u t t e r  c o a te d  fo r  6 m in u te s  w ith  
gold/palladium. They were then  examined under  a Philips 500 SEM .
2.4- Blastoderm cell extraction using Triton X-100:
Som e of the  blastoderm s at different stages studied have been  extracted to 
im p ro v e  d e te c t io n  o f  d i f f e re n t  ju n c t io n s  b e tw e e n  th e i r  cells (A n d r ie s  a n d  
V akaet,  1985b).
B lastoderm s in tended for extraction were washed as usual in T yrode’s buffer 
then  trea ted  for 5 minutes in a solution of 0.5% (V/V) Triton  X-100 in a PIPES 
buffer m ade  up of 10 m M  PIPES, 0.3M sucrose, 5.5 m M  magnesium  chloride, 
a n d  1 m M  E G T A .  T h e  f in a l  p H  o f  th is  b u f f e r  w a s  6 .8 . T h e  e x t r a c t e d  
b las to d e rm s  w ere  th en  rinsed  in the  P IP E S  buffe r  and  fixed for 30 m inu tes  at 
r o o m  t e m p e r a t u r e  w ith  1% (V /V )  g lu ta r a ld e h y d e  in P IP E S  bu ffe r .  A f te r  
fixation, specim ens were washed in 0.1 M cacodylate buffer and  trea ted  for 20 
m in u te s  w ith  0 .2%  (W /V )  tan n ic  ac id  in c a co d y la te  bu ffe r .  T h e y  w e re  th e n  
post-fixed in 0 .2%  (W /V ) osm ium  te trox ide  in 0.1 M cacodyla te  buffe r  for 20 
m inu tes , and  s ta ined  en bloc with 0 .1%  (W /V ) uranyl a c e ta te  in w a te r  for 5 
minutes. T he  specimens were then rinsed in water, dehydra ted  and processed
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f o r  e m b e d d i n g  in r e s in  as in s e c t i o n  2.1 . S e m i - th i n  s e c t i o n s  f o r  l ig h t  
m icroscopy  and  u l tra th in  sections for transm ission  e lec tron  m icroscopy w ere  
then  cut.
2.5 Immunofluorescence:
2.5.1 Staining for microtubules and microfilaments in the blastoderm:
2.5.1.1 Staining for microtubules and microfilaments in whole m o u n ts :
W e in te n d e d  a t  th e  beginning  o f  this ex p e r im en t  to  look a t  the  d istr ibu tion  
of m icrotubules and microfilaments in both  the leading edge cells and the o ther  
non-edge cells of the  b lastoderm  while they were in their natural environm ent 
i .e . w i th  t h e  le a d in g  e d g e  ce lls  still  a t t a c h e d  to  th e  v i te l l in e  m e m b r a n e .  
How ever, despite  using different fixatives such as m ethanol, form aldehyde and 
g l u t a r a l d e h y d e ,  a n d  fo l lo w in g  d i f f e r e n t  d e h y d r a t io n  p r o c e d u r e s  su c h  as 
c learing  the  p re p a ra t io n  with xylene be fo re  s ta ining with an ti- tubu lin  o r  anti- 
ac tin  an tibod ies ,  I have no t b e e n  ab le  to visualise th ese  s truc tu re s  due  to the  
v e ry  b a d  r e s o l u t i o n  w h ic h  w as  a r e s u l t  o f  th e  o p a q u e n e s s  o f  th e  v i te l l in e  
m e m b ra n e .  T h e re fo re ,  the  results  o f  these  sta in ing m eth o d s  w ere  very p oo r  
and  I exam ined the distribution of m icrotubules and microfilaments in cultured 
edge cells.
2.5.1.2 Staining for m icrotubules and microfilaments in cultured edge cells :
Im m unofluorescence staining was perfo rm ed  on cells that had been  grown 
in vitro on glass coverslips. The  following p rocedure  was followed under sterile 
conditions:
A f te r  in c u b a t io n  fo r  1 - 2 days, th e  eggs w e re  o p e n e d  in s te r i le  T y r o d e ’s 
so lu tion  a t  room  te m p e ra tu re  and  the  b las to d e rm  rem o v ed  an d  any adhering  
yolk w ashed  off. Small f ragm en ts  o f  the  b las to d e rm  edge with the  a t ta ch e d  
non-edge cells were then excised and each fragm ent was cultured using a small 
d ro p  o f  cu ltu re  m ed ium  on a coverslip  in a pe tr i  dish. T h e  cu ltu re  m edium  
u s e d  c o n s i s t e d  o f  90 m l. H a m ’s n u t r i e n t  m ix t u r e  F -1 2  ( G i b c o ,  U K )
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s u p p l e m e n t e d  w i th  10 m l. f e t a l  c a l f  s e r u m ,  2 m l. p e n i c i l l i n  a n d  2 m l. 
s t r e p to m y c in .  T h e  p o s i t io n  o f  th e  e d g e  ce lls  w as  m a r k e d  by s c o r in g  th e  
coverslip with a d iam ond pencil. The  cultures were given abou t 1 hour to a ttach 
to the  substra te  before  adding m ore medium. The cultures were incubated for 
b e tw e e n  6 a n d  48 h o u r s .  T h e  c u l tu r e s  w e r e  t h e n  p r o c e s s e d  fo r  s ta in in g  
according to the  m ethod  of Brinkley et. al. (1980) as follows:
1- D iscard excess m edium  then  rinse in phosphate  buffer saline (PBS).
2- Im m ediately  fix for 5 minutes in absolute m ethanol at -20 °C.
Q
3- Fix for 2 m inutes in absolute acetone at -20 C
4- Air dry the coverslips then  rinse in PBS.
5- I n c u b a te  fo r  30 m in u te s  a t  ro o m  t e m p e r a t u r e  in th e  p r im a ry  po lyc lona l  
antibody, anti-tubulin or anti-actin (ICN ImmunoBiologicals, U K ) (both  raised 
in rabb it) .  T h e  p r im ary  an tibod ies  w ere  m ad e  up  to the  d ilu tion o f  1:30 with 
PBS.
6- W ash  coverslip 5 times in PBS over a period of 25 minutes.
7- In cu b a te  in th e  d a rk  for 30 m inu tes  a t room  te m p e ra tu re  in f luorescein  
isothyocyanate (F IT C ) labelled anti-rabbit IgG (ICN ImmunoBiologicals, UK), 
m ade  up to a concentration of 1:10 with PBS.
8- W ash  as in s tep 6.
9- M oun t on glass slides using a mixture of PBS and glycerol (1:9 V/V) that has 
b e e n  b ro u g h t  up  to p H  9 with IN  N a O H . This a lkaline  m ed ium  was used  to 
minimise the fading of fluorescence from the cultures when they were exposed 
to ultraviolet light.
10- Seal the edges of the coverslips with nail polish and  store in light-tight boxes
o
at -20 C, only if im m ediate  viewing was impossible.
T h e  s ta ined  sections w ere  exam ined  with a Leitz  O rtho lux  II m icroscope  
using incident light fluorescence with an HB050 light-pressure m ercury lamp.
P h o to g ra p h s  w ere  tak e n  on K odak  e k ta c h ro m e  film (A SA  400), using 2X 
KP490 (exciting), KT 510 (dichromic mirror), and K 515 (suppressing) filters.
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2.5.1.3 Controls:
T h e s e  w e re  d e a l t  w ith  in the  sam e  way as a b o v e  e x c e p t  th a t  th ey  w ere  
incubated  in PBS instead of the primary antibody.
2.5.2 The in vitro effect of microtubule and m icrofilam ent inhibitors on the 
shape and expansion of the blastoderm
H e re  the cultured blastoderm  cells were incubated in a m edium  containing a 
m icrotubule  inhibitor, Colchicine (Sigma, St. Louis, M O), at a concentration  of
0.1 yug/ml, or microfilament-destroying drug, cytochalasin D  (Sigma, St. Louis, 
M O ), at a concentration  of 5yug/ml for a certain period of time (details of which 
w ill b e  i n c lu d e d  in th e  r e s u l t s ) .  T h e y  w e r e  t h e n  p r o c e s s e d  fo r  im m u n o ­
f lu o re s c e n c e  s ta in in g  fo r  m ic ro tu b u le s  a n d  m ic ro f i la m e n ts  as d e s c r ib e d  in 
section 2.5.1.
2.5.2.1 C on tro ls :
Cultures in tended  as controls w ere incubated without the inhibitors and then 
p ro ce sse d  for sta in ing as in section 2.5.1.2. C on tro ls  for the  specificity o f  the  
staining w ere  processed as in section 2.5.1.3.
2.6 The distribution of fibronectin in the blastoderm of the early chick embryo:
T o  s tu d y  th e  d i s t r ib u t io n  o f  f ib r o n e c t in  d u r in g  th e  e x p a n s io n  o f  th e  
b la s to d e rm , the  eggs w ere  o p e n e d  a f te r  1-3 days incuba tion  and  p ieces o f  the  
b la s to d e rm ,  w hich  inc lude  th e  a t t a c h e d  ed g e  cells  a n d  sm all  a r e a s  o f  the  
ec toderm al cells nea r  to it, were fixed for 4-5 hours in a mixture of 96% ethanol 
a n d  1% a c e t ic  ac id  (9 9 :1 )  ( H a r r i s s o n  et. a l , 1984), w a s h e d  in w a te r ,  a n d  
processed for em bedding  in wax as follows:
- D ehydra te  in 95% alcohol 10 min.
- D ehydra te  in absolute alcohol 10 min.
- C lear specim ens in xylene 5-10 min.
- T ransfer  into a mixture of equal volumes of xylene and paraffin wax for 20
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minutes.
- T ransfer  to pu re  wax I for 20 minutes.
- T ransfer  to pure  wax II for 20 minutes.
- E m b e d  in pu re  wax.
6 um  thick  sections w ere  then  cut on a Beck m ic ro tom e  an d  m o u n te d  on 
glass slides which had been  previously coated with a lbum en  (10-15 sections per 
slide). A fter  the  sections had  completely adhered  to the slides and  dried, they 
w ere  c leared in Histoclear and hydrated in descending grades o f  e thanol. After 
the  last change in alcohol they were rinsed in w ater  then  p rep a re d  for staining 
as follows:
- W ash  thoroughly for 15-20 minutes in PBS (pH  7.2).
o
- Incubate  for 30 minutes at 37 C  in mouse anti-fibronectin antibody raised 
in rabbit. T he  antibody was diluted to 1:60 with PBS.
- Rinse and  then  wash for 5 min. in PBS.
- I n c u b a te  fo r  30 m in u te s ,  in th e  d a rk ,  in F IT C  la b e l le d  a n t i - r a b b i t  IgG 
( H + L )  raised in goat (1:200 with PBS).
- Rinse and  wash in PBS 5 min.
- M oun t  with coverslips using glycerol/PBS mixture (9:1 V/V).
T he  p repara tions  were then viewed and pho tographed  as in section 2.5.1 .
Follow ing the  pub lica tion  o f  a study c o n d u c ted  by Lash  et. al. (1990) on 
th e  d is tr ibu tion  o f  fib ronectin  in the  lead ing  edge  o f  the  chick em bryo, which 
rep o r ted  results different from the ones I ob tained  following the above method, 
I tried the m ethod  they used (Ostrovsky et. al., 1983).
2.7 Cultures of non-edge blastoderm pieces on the inner surface of the vitelline 
membrane:
Eggs w ere  incuba ted  for 1-2 days in o rd e r  to get chick em bryos  a t  s tage 4 - 
13 (H a m b u rg e r  and  H am ilton , 1951). T h e  b las tode rm s  along  with vitelline 
m e m b ra n e  w ere  rem oved  and  w ashed  in T y ro d e ’s so lu tion  an d  the  a t ta ch e d
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yolk w ashed off the vitelline surface of the b lastoderm . The leading edge which 
a t ta c h e d  to  the  vitelline m e m b ra n e  was cut from  the  b las tode rm , th en  small 
strips ( 3 m m 2 ) were cut from the a rea  of the remaining blastoderm  adjacent 
to the  original place of the edge i.e. pieces were cut from the periphery  of the 
area vitellina externa. These pieces were then  explanted on the inner surface of 
v i te l l in e  m e m b r a n e s  w hich  h a d  b e e n  se t  up  on  glass r ings a c c o rd in g  to  the  
m e th o d  of  N ew  (1955), using thin a lbum en  as a cu ltu re  m ed ium . T h e  side of 
the  b las toderm  which was in contact with the vitelline m em brane , i.e. w hether  
it was the ec toderm al or endoderm al side, was always noted  down.
Tim e-lapse photography was perfo rm ed  on some of the explants at a ra te  of 
a fram e every 3 minutes using a Wild M20 m icroscope with Bolex cine cam era  
and  a time lapse appara tus  m ade in the University of Glasgow. A fter  a period 
o f  18-24 hours  o f  filming the  exp lan t was fixed for 2 hours  in K arnovsky’s ha lf  
s tren g th  fixative and  p rocessed  for exam ination  u n d e r  light an d  transm ission  
e lectron microscopy as described in section 2.1. and  2.2.
2.8 Silver nitrate staining of the blastoderm cells:
T o  dem arca te  the  boundary of the leading edge and  ec toderm al cells of the 
b las toderm  at the end  of epiboly the m ethod  of Kageyama (1980) was applied 
as follows:
- Blastoderm s at the desired stage of developm ent were rem oved from the egg 
and  cleared of as much as possible of the a ttached  yolk.
- They were then  fixed for 3-10 min. in S tockard’s fixative (5 parts formalin, 4 
parts  glacial acetic acid, 6 parts glycerine and  85 parts distilled w ater)  at room  
tem pera tu re .
- Rinsed twice with distilled water.
- P laced  in a so lu tion  of 0 .5%  silver n i tra te  for 1 to severa l m inu tes  until the  
boundaries  becam e conspicuous under the dissecting microscope.
- Quickly r insed  in distilled w a te r  to rem ove  the  excess of  silver n i t ra te  and  
m oun ted  on glass slides.
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CHAPTER THREE
ORGANISATION OF EDGE CELLS 
AT STAGES BETWEEN 15 HOURS AND 2.5 DAYS OF DEVELOPMENT
3.1 INTRODUCTION:
T h e  expansion  o f  the  chick b las to d e rm  to cover the  yolk sp h e re  o f  the  egg 
has  b e e n  u n d e r  se r io u s  in v es t ig a t io n  fo r  n e a r ly  40 yea rs .  O n e  o f  th e  ea rly  
s tud ies  do n e  on this subjec t was th a t  of Schlesinger (1952) who, believing at 
th a t  t im e th a t  the  b la s to d e rm  uses the  yolk as a su b s tra te  for its expansion , 
a s su m ed  th a t  the  b la s to d e rm  d ep e n d s  for its expansion  only on the  edge cells 
a n d  th a t  th e  r e s t  o f  th e  b la s to d e rm  d o e s  n o t  c o n t r ib u te  to  th e  p ro ce ss .  H e  
r e a c h e d  his c o n c lu s io n  by re ly in g  on  a s e r ie s  o f  in ju ry  e x p e r i m e n t s .  H e  
r e p o r t e d  th a t  if th e  b la s to d e rm  was in ju re d  d is ta l  to  the  ad v a n c in g  e d g e  it 
w ould  con tinue  to  expand  until the  edge reaches  the  p lace o f  injury: th en  it 
stops. If, however, the  injury was m ade anywhere in the  b lastoderm  behind the 
edge, the latter  would continue advancing without regard  to the injured areas. 
In his opinion the edge a rea  was so im portan t because  of the  form ation of new 
c e l l s  r o u n d  w h a t  h e  c a l l e d  f r e e  n u c le i  ly ing  o u t s i d e  t h e  b l a s t o d e r m .  
Schlesinger’s experim ents  however did not consider an im portan t  factor which 
was later  found to play an integral part  in b lastoderm  expansion. This factor is 
the vitelline m em brane.
Shortly  a f te r  Schlesinger, New (1955 and  1959) d e m o n s t ra te d  th a t  for the  
b la s to d e rm  to  e xpand  it n eeds  to  a t tach  to the  overlying vitelline m e m b ra n e  
an d  no t  to th e  yolk as p rev ious ly  th o u g h t .  N ew  (1955) u til ised  this fac t  to 
develop a novel m ethod  for culturing the chick em bryo on this m em brane  using 
glass r ings fo r  s u p p o r t .  Th is  m e th o d ,  w hich  is know n  as th e  N ew  C u l tu re
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m e t h o d ,  is w id e ly  u s e d  fo r  d i r e c t  o b s e r v a t io n s  o f  m a n y  a s p e c t s  o f  c h ick  
developm ent.
In his study, New (1959) showed that  the  b las toderm  attaches to the  vitelline 
m e m b r a n e  only  by its e d g e  a re a ,  fo r  w h e n  this e d g e  is d e ta c h e d  fro m  the  
m e m b ra n e  the  expansion  o f  the  w hole  b las to d e rm  com es to a halt. H e  also 
r e p o r t e d  t h a t  it is th e  p r o p e r t i e s  o f  th e  cells o f  th e  e d g e  r a t h e r  th a n  th e i r  
posit ion  in the  b la s to d e rm  which give th em  the  ability to a t ta ch  to and  m ove 
over the  vitelline m em brane . This finding was later  supported  by the work of 
Bellairs and New (1962), Bellairs (1963) and  Bellairs et. al. (1969). New (1959) 
a l s o  i n d i c a t e d  t h a t  t h e  e d g e  c e l l s  m u s t  n o t  o n ly  a t t a c h  to  t h e  v i t e l l i n e  
m e m b ra n e  to advance  tow ards  the  e q u a to r  o f  the  egg bu t  also th a t  they  m ust 
d o  so in a p r e c i s e  p o l a r i ty  w i th  r e s p e c t  to  t h a t  m e m b r a n e ;  fo r  w h e n  th e  
b la s to d e rm  was cu ltu red  on the  vitelline m e m b ra n e  upside-dow n, so th a t  the  
edge cells which were originally in contact with the m em brane  were now facing 
away from  it, the  edge  a re a  curled  u n d e r  the  b la s to d e rm  to bring those  edge 
cells once again into their original position, then spread  backwards resulting in 
the transform ation  of the inverted b lastoderm  into a hollow vesicle.
N ew  (1959)  a lso  s t r e s se d  th e  im p o r ta n c e  o f  th e  v i te l l ine  m e m b r a n e  in 
b la s to d e rm  expansion  indicating th a t  the  b las to d e rm  w ould  expand  only if its 
e d g e  is in c o n ta c t  w ith  th e  i n n e r  s u r f a c e  o f  th e  v i te l l in e  m e m b r a n e .  H e  
c o m p a r e d  th e  e x p a n s io n  o f  th e  b la s to d e rm  on n o rm a l  a n d  fixed v ite ll ine  
m e m b r a n e  a n d  fo u n d  th a t  b la s to d e rm s  e x p a n d  n o rm a l ly  on th e  u n t r e a te d  
m em brane  while formalin or alcohol fixed m em branes  led to weak expansion. 
New (1959) also re p o r te d  th a t  b las to d e rm s  cu ltu red  on the  o u te r  surface  of 
the vitelline m em brane  did not expand.
N e w ’s (1 9 5 9 )  f in d in g s  c o u ld  e x p la in  th e  f a i lu r e  o f  s e v e r a l  a t t e m p t s  to 
achieve  b la s to d e rm  expansion  on p lasm a (W add ing ton , 1932) and  agar  clots 
(S p ra t t ,  1947; S p ra t t  and  H aas , 1960). They  also give a com ple te ly  d iffe ren t 
in te rp re ta t io n  o f  the  findings of  Schlesinger (1952), on the  basis th a t  w hen he
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m ade the injury in front of the blastoderm  edge he in fact had torn  the vitelline 
m e m b ra n e  a t  th a t  a re a  so th a t  the  b las to d e rm  c on tinued  expand ing  until its 
edge cells ran  out of vitelline m em brane  and so the expansion stopped. W hen 
the injury was m ade  behind the edge it did not affect the vitelline m em brane  in 
front of the  edge and therefore  it continued m ovem ent.
Bella irs  et. al. (1963) exam ined  the  n a tu re  of  the  vitelline m e m b ra n e  and  
r e p o r te d  th a t  it is co m p o sed  o f  two surfaces; an  inner  su rface  facing the  yolk 
and  an ou ter  surface facing the album en. These two surfaces were found to be 
bo th  structurally and  chemically different, with the inner surface being the one 
a r r a n g e d  in to  a m e s h w o rk  o f  f ib r i ls  w h ic h  s u s ta in s  ce ll  a t t a c h m e n t  a n d  
m ovem en t.  Bellairs and  he r  co-w orkers  w ere  how ever unab le  to identify the  
composition of the vitelline m em brane  proteins but in any case these proteins 
w e r e  t h o u g h t  n o t  to  i n c l u d e  c o l l a g e n ;  th e  c o m p o s i t i o n  o f  t h e  v i t e l l i n e  
m em brane  is still unknown and obviously needs m ore careful examination with 
today’s advanced protein  analysis technology.
T h e  e m p h a s i s  in t h e  y e a r s  t h a t  f o l l o w e d  w a s  s w i t c h e d  to  g e n e r a l  
organisation, fine structure  and behaviour of the edge cells, which enable  them  
to carry  ou t the  task  of pulling the  w hole of  the  b la s to d e rm  to cover the  yolk 
sphere.
D ow nie  and  P eg rum  (1971) s tud ied  the  fine s tru c tu re  o f  the  lead ing  edge 
cells a f te r  a b o u t  on e  day o f  incubation . T hey  r e p o r te d  th a t  these  cells have 
orien ted  lamellae which underlap  and overlap each other, and  which attach to 
the  vitelline m e m b ra n e  by a t ta c h m e n t  p laques  and  th a t  these  cells possess 
bundles of cortical microfilaments and abundan t  microtubules; all of  these are 
features of actively moving cells.
C h e r n o f f  a n d  O v e r to n  (1979) p ro v id e d  a n o th e r  s tudy  on  th e  cells o f  the  
lead ing  edge of 1 to 1.5 day chick em bryos  with resp e c t  to the ir  a t ta c h m e n t  
sites and  the effect of cold trea tm ent. They repo rted  similar findings as far as 
the  gen e ra l  shape  and  o rgan isa tion  o f  these  cells a re  concerned . In add it ion
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they found that cold t rea tm en t  of the edge cells caused their lamellae and the 
projections on their basal surface, those in contact with the vitelline m em brane, 
to becom e m ore  p rom inen t , and that the vitelline surfaces of these cells were 
resistant to cold t rea tm en t  as they rem ained  flat th roughout trea tm ent.
M o r e  r e c e n t ly ,  A n d r i e s  et. al. (1 9 8 5 )  m a d e  a n  e x te n s iv e  s tu d y  o n  th e  
distribution of junctions am ong the edge cells of chick embryos which had been 
in c u b a t e d  fo r  15 h o u r s  in a n  a t t e m p t  to  g e t  s o m e  i n f o r m a t io n  a b o u t  th e  
m echan ism  of  locom otion  o f  these  cells. T hey  r e p o r te d  the  p re se n c e  o f  gap 
junc t ions  and  well d ev e lo p ed  d esm osom es  b e tw e en  the  proxim al cells of the  
edge and incipient desm osom es and some tight junctions betw een the ventral 
cells of the  m id-part as well as the distal a rea  i.e. those not in contact with the 
vitelline m em brane . M ore  developed desm osom es as well as networks of tight 
ju n c t io n s  w e re  o b s e rv e d  b e tw e e n  th o se  cells w hich  a re  in c o n ta c t  w ith  the  
vitelline m em brane . They concluded from the above distribution of junctions 
that the cells of the  edge reta in  their position relative to each o ther  and to the 
vitelline m em brane , and they p roposed  that the m ovem ent of edge cells follows 
the m odel of epithelial cell m ovem ent suggested by Radice (1980a) in which it 
is suggested tha t  as marginal cells move forward the cells behind them  occupy 
their position without intermingling of marginal and sub-marginal cells.
A n d r ie s  a n d  V a k a e t  (1985 a & b) m a d e  s im ila r  s tu d ie s  to  th e  o n e  ju s t  
descr ibed  an d  c la im ed  th a t  in te rce llu la r  com m un ica t ion  occurs  in the  leading 
edge through gap junctions betw een its cells. They implicated the presence of 
these  gap  junc t ions  with synchronisation  o f  m o v em e n t  b e tw een  the  d iffe ren t 
cells of the edge to increase their rate  of migration and to maintain this unique 
m orpho log ica l  unit. They  also r e p o r te d  th a t  the  d iscon tinuous  p resen ce  of 
tight junctions betw een these cells indicates that these junctions do not function 
as a ba rr ier  to prevent material from passing across the cells.
It is c lear  from  the  several p a p e rs  cited above th a t  the  lead ing  edge o f  the  
chick b las toderm  presents an interesting field for studying cell m ovem ent and
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b e h a v io u r  in an  ep ithe lia l  sheet.  H ow ever, all the  prev ious w ork  described  
above  has b e e n  done  on b las tode rm s  th a t  have ju st  a t ta c h e d  to the  vitelline 
m em b ran e  o r  are  at the very early stages of expansion. T herefore , this current 
study has b e e n  designed  to  look a t the  o rgan isa tion  of the  edge  cells from  the 
early stages w hen they have just a ttached  to the vitelline m em brane  to the stage 
w hen  they  pass the  e q u a to r  o f  the  yolk. T h e  m uch  la te r  stages as b las to d e rm  
expansion nears  com pletion will be  described in a later  chap te r  of this thesis.
I have  used  light m icroscopy as well as scanning  and  transm iss ion  e lec tron  
m icroscopy  to investigate  w h e th e r  the  o rgan isa tion  o f  the  edge cells rem ains  
the sam e th roughout the different stages of developm ent or w hether  there  are 
any differences in such organisation which could be re la ted  to the variations in 
the  ra te  at which the edge cells move on the vitelline m em brane  as repo rted  by 
D ow nie  (1976) w ho found  th a t  the  expansion  of the  b la s to d e rm  a t  the  early 
stages o f  d e v e lo p m en t  is slow (200 um /hr. in vivo and  169um /hr. in vitro) bu t 
increases from the second to the third day of developm ent (555 um/hr. in vivo 
and 285-384 urn/ hr. in vitro) before  becoming slow again after that stage (292 
um /hr).
T o  achieve  this, eggs w ere  o p e n e d  a f te r  15 hours, 1 day, 1.5 day, 2 and  2.5 
days o f  in c u b a t io n ,  to  ge t  b la s to d e rm s  a t  s tag es  3, 6, 8-9, 11-13, a n d  15-16 
(H am burge r  and Ham ilton, 1951) respectively. These  blastoderm s were fixed 
and  p rocessed  for study u n d e r  light m icroscopy, transm iss ion  and  scanning  
electron microscopy (T E M  and SEM ) as described in chap ter  2. Som e of these 
b lastoderm s w ere  trea ted  with Triton  X-100 to enable  me to study m ore  closely 
the  type and  d istr ibu tion  of junc t ions  b e tw een  the  edge  as well as non-edge  
cells, and  in addition to look for the orientation and distribution of cytoskeletal 
e lem ents in these cells. This Triton X-100 t rea tm en t  is described in chap ter  2.
This chap te r  will also include m orphom etric  analysis of the width of the edge 
a re a ,  i.e. th e  a r e a  c o v e re d  by th e se  cells on  th e  v i te ll ine  m e m b r a n e ,  a t  the  
different stages studied. T he  average height of the leading edge, the num ber of
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i ts  ce lls  a n d  th e  le n g th  o f  its l e a d in g  l a m e l la e  a t  e a c h  s ta g e  will a lso  be  
p resen ted  as part  of the m orphom etric  analysis.
3.2 M ethods:
Before  proceeding  to describe the organisation of edge cells it is im portan t 
to define som e of the  term s which will be  used in the  description. T he  diagram  
in F igure 3.1 shows tha t  the  leading edge of the b las toderm  can be divided into 
th re e  a re a s  accord ing  to  the  position  of  the  cells o f  e ach  a re a  re la tive  to the  
ec toderm al pa rt  of the  b lastoderm . These  areas  are: a) a proximal a rea  which 
include  those  cells in con tac t  with o r  very n e a r  the  e c to d e rm ; b) a distal a re a  
w here  cells possess free lamellae which they extend on the vitelline m em brane  
and  c) a m id-part which includes all cells lying betw een the proximal and distal 
areas. This division of the edge a rea  is, therefore , not based  on equal thirds of 
the  areas  described.
O th e r  te rm s  used  th ro u g h o u t  this thesis a re  shown also in Fig.3.1. T hese  
inc lude :  a )  T h e  e c to d e rm a l  p a r t  o f  th e  b la s to d e rm  in w hich  th e  cells a re  
e leva ted  over  the  vitelline m e m b ra n e  and  do no t m ake  con tac t  with it, and  b) 
the  d e e p e r  layer cells which a re  those  non -edge  n o n -ec to d e rm a l  cells loca ted  
on the basal lamina of the ec toderm al cells. T he  cells of the leading edge itself 
a re  divided acco rd ing  to the ir  position  on the  vitelline m e m b ra n e  into u p p e r  
l a y e r  c e l l s  f a c in g  th e  y o lk  a n d  lo w e r  l a y e r  c e l l s  n e a r e r  to  t h e  v i t e l l i n e  
m em brane .
T h e  w idth  o f  the  b las to d e rm  at  a certa in  s tage o f  d e v e lo p m en t  m eans  tha t  
length  o f  the  vitelline m e m b ra n e  which the  edge cells occupy a t  th a t  s tage of 
d e v e lo p m e n t .  T o  m e a s u re  th e  w id th , th r e e  b la s to d e rm s  a t  e a ch  s tag e  o f  
developm ent were fixed, sectioned and stained with toluidine blue as described 
in c h a p te r  2. T en  sections chosen  a t  ran d o m  from  each  o f  these  b las tode rm s  
w ere  used to m easure  the width of the edge, with a fine eyepiece graticule and 
X40 objective, f rom  the  m ost proxim al cell to the  tip of  the  d is ta lm ost cell.
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T he  m ean  width and any deviation from that m ean were then calculated (Table 
1).
As a co m p ara t iv e  m easu re  o f  the  n u m b e r  of  cells in the  edge, I c o u n te d  in 
any one  section the num ber  of nuclei containing a nucleolus. This m easure  was 
chosen as it seem ed  possible that cell size might vary considerably in different 
stages of the  edge. Counting only sections tha t  passed through a fixed point of 
rela tively  co n s ta n t  size se em e d  to me the  bes t  way of  ge tt ing  a co m p ar iso n  of 
cell n u m b ers  in such a s truc tu re .  This, o f  course , does  no t give an  absolute 
m e a su re  o f  cell n u m b ers  b u t  does allow a com parison  b e tw e e n  stages to be 
m ade . Again, th re e  b las tode rm s  from  each  stage o f  d e v e lo p m e n t  w ere  used 
and  the num ber  of nuclei containing a nucleolus were counted, using X I 00 oil- 
im m ers ion  lens, f rom  ten  random ly  chosen  sections p e r  b la s to d e rm  at each  
stage. T h e  m ea n  and  s ta n d a rd  devia tion  for each  stage is ca lcu la ted  and  one  
w ay  a n a ly s is  o f  v a r i a n c e  ( A N O V A )  w as  u s e d  to  t e s t  fo r  an y  s ta t i s t ic a l ly  
significant difference betw een the different stages.
I also a t tem p ted  to m easure  the lengths of the leading lamellae of edge cells, 
to check  if these  change with stage. It was necessary  here ,  again, to devise a 
com m on convention for lamella m easurem ent. T he  proximal end  of a lamella 
was d e n o te d  by the  first in trace llu la r  o rgane lle  visible in the  cy toplasm  of  the  
cell ( lamellae are  free of organelles resolvable with the light microscope). The 
d is ta l  t ip  w as th e  fu r th e s t  e x te n t  v isib le  using  a X I 00 o i l- im m e rs io n  lens. 
Because of  the difficulty of resolving cell boundaries within the edge, only the 
distalmost edge cells were m easured  in this way. T he  m ean length of lamellae 
was th en  ca lcu la ted  from  3 b las tode rm s  at each  stage o f  d e v e lo p m e n t  and  10 
sections per  b lastoderm  were random ly chosen for the m easurem ents .
I also a t te m p te d  to m easu re  the height o f  the  edge to check  if it changes 
f ro m  o n e  s tag e  o f  d e v e lo p m e n t  to a n o th e r .  T o  do  th is  it was n e c es sa ry  to 
m e a su re  first the  m ean  a re a  of  sections o f  the  edge at each  stage, th en  divide 
that by the m ean width of that edge at that stage. T o  achieve this, C am era
36
C am era  Lucida drawings of samples of the a rea  of leading edge a ttached  to the 
vitelline m em brane  at the different stages studied were made. These were then 
e n la rg ed  using a pho tocopy ing  m ach ine  and  the m ean  a re a  and  the s ta n d a rd  
d e v ia t io n  w e r e  c a lc u la t e d  fo r  e a c h  s ta g e  u s in g  th e  p r o g r a m m e  " C h e r ry  
Digitiser" on the BBC m icrocom puter which m easures the a rea  of any structure 
by trac ing  its outlines. Again, ten  random ly  chosen  sections p e r  b las tode rm  
w ere  drawn and  th ree  b lastoderm s for each stage w ere used.
T h e  a p p e a r a n c e  o f  th e  e d g e  cells will be  p r e s e n te d  h e re  s ta g e  by s tage .  
T hese  descriptions will include a summary of the m orphom etric  da ta  which will 
be  p resen ted  in detail at the end of the results section.
3.3 Descrip tion o f  stages:
3.3.1 Stage 3 (15 hoursl  b lastoderm  edge:
T he  a rea  o f  the vitelline m em brane  covered by the leading edge at this stage 
i.e. the  width of the  edge, was found to be 104 _+ 9.5yum and the m ean  height of 
the  edge a rea  is 25yum. Light microscopy revealed that the edge is multilayered
i.e. 3 to 4 cells deep. T he  cells possess a large num ber  of yolk vacuoles as is the 
case in all cells of the b lastoderm  at this early stage of developm ent (Fig.3.2 b). 
T h e se  yolk vacuoles  m ak e  it very difficult to study these  cells u n d e r  the  light 
m icroscope . O n e  fea tu re  of  the  edge  cells which distinguish th em  from  n o n ­
edge  cells, in add it ion  to the ir  rela tive  position , is the ir  p ro m in e n t  nuclei. A  
few lacunae i.e. small intercellular spaces, have also been  observed betw een the 
edge cells at this stage (see Fig.3.2b).
T he  num ber  of edge cells at this early stage is 2.9 +. 0.7 cells. Lam ellae from 
the proximal cells underlie the cell bodies of cells lying distal to them  and those 
of the latter  cells underlie the cells located still m ore distally, and so on. These  
lamellae are  all orien ted  in the direction of m ovem ent of the edge, except that 
som e lam ellae  from  the  proxim al cells n ea re s t  to the  e c to d e rm  a re  pointing 
cen tr ipe ta l ly  i.e. oppos ite  to the  d irec tion  o f  m ovem en t.  Scann ing  e lec tron  
microscopy of the edge a rea  showed that the cell bodies are  swollen due to the
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p resence  in the edge cells of the  large num ber  of yolk vacuoles described above 
(F ig .  3 .2 a ) .  T h e  ce lls  o f  th e  d is ta l  a r e a  o f  th e  e d g e  a n d  s o m e  o f  th e  ce lls  
im m edia te ly  beh ind  th em  send  ou t  thin lam ellae  which overlap  and  u n d e r la p  
e a c h  o th e r  (F ig . 3 .3a).  T h e  len g th  o f  th e  d is ta l  la m e l la e  w as 30 +_ 3 .4 yum. 
S om e o f  th ese  lam ellae  en d  in very th in  f ilopodia  which com e in con tac t  with 
the  lam ellae o f  the  neighbouring cells.
Transm ission electron microscopy of the edge cells at this stage showed that 
those  a t  the  p roxim al a re a  a re  connec ted  to g e th e r  by several d esm o so m es  as 
w e ll  as  p o in t s  o f  c lo se  c o n ta c t ,  sm a ll  a r e a s  o f  t ig h t  j u n c t io n s  (F ig .  3 .3b ) .  
D e sm o so m e s  a re  mainly found  b e tw een  the  cell bodies  of  the  proxim al cells 
while a re a s  of  close con tac t  a re  usually associa ted  with the  u n d e r la p p in g  and  
overlapping lamellae. D esm osom es becom e less frequen t betw een the cells of 
the  m id-part (Fig. 3.4a) and are  completely absent be tw een the distalmost cells 
an d  the ir  lam ellae  (Fig. 3.4b). A reas  o f  close cell con tac t  a re , how ever, still 
frequently  seen betw een the cells of the latter two areas  of the edge. The  most 
p ro x im a l  cell o f  th e  e d g e  has a c e n tr ip e ta l ly  o r ie n te d  lam e lla  as well as a 
centrifugally o rien ted  one (Fig. 3.5a).
T E M  also  re v e a le d  th a t  th e  e d g e  cells a t  th e  d i f f e re n t  levels  a re  rich  in 
c o r t ica l  m ic ro f i la m e n ts  an d  m ic ro tu b u le s  w hich  a re  o r ie n te d  to w a rd s  the  
d irec tion  o f  m o v em e n t  (Fig. 3 .5a& b). A  few of  the  cells which a re  in con tac t  
with the  vitelline m e m b ra n e  send  a n u m b er  o f  microvillous p ro jec tions  which 
p ro trude  into the m em brane  (Fig. 3.6a). I have not been  able to distinguish any 
difference in the distribution of these projections betw een the different areas  of 
the edge at this stage.
T h e  e c to d e rm a l  cells im m e d ia te ly  p rox im a l  to  the  e d g e  a re  9 - 1 1  um in 
he igh t and  7 -8 um in width. They  con ta in  m any yolk inclusions bu t these  are  
c o n s id e r a b ly  s m a l le r  t h a n  th o s e  o f  th e  e d g e  ce lls .  T h e  e c to d e r m a l  ce lls ,  
w h e t h e r  th e y  a r e  lo c a t e d  n e a r  th e  e d g e  o r  aw ay  f ro m  it, d isp la y  ty p ica l  
junctional complexes betw een them. These junctions consist of tight junctions
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c o n n e c t in g  th e  a p ic a l  s u r f a c e  o f  th e  ce lls  fo l lo w e d  by a n u m b e r  o f  sm all  
d e s m o s o m e s  w h ic h  e n d  in f in e  t o n o f i l a m e n t s  (F ig .  3 .6 b ) .  A r e a s  o f  
in te rd ig i ta t ion  o f  the  ad jacen t  cellu lar  m em b ra n e s  a re  also com m on . M any 
microvilli p ro trude  from  the apical surface towards the vitelline m em brane  but 
do no t com e into contact with it at any time (Fig. 3.7a). O n  the o ther  hand, the 
basal surface of these cells, i.e. the surface which faces the egg yolk, is covered 
with a con tinuous  basal  lam ina  which underlies  all e c to d e rm a l  cells up  to the  
beginning of the  leading edge (Fig. 3.7b). O n this basal lamina, ano the r  type of 
cell located distal to the  area vitellina interna is seen. These  are  the deep  layer 
cells  w hich  a re  fo u n d  to  be  d is t r ib u te d  b o th  ind iv idually  (F ig . 3 .8a)  an d  in 
groups (Fig. 3.8b). They possess p rom inent nuclei which are  similar to those of 
the  leading edge cells.
3.3.2 Stage 6 (24 hoursi b lastoderm  edge:
T h e  lea d in g  e d g e  is aga in  m u lt i la y e re d  a n d  is now  123 5.7yum w ide, a 
small increase  on stage 3. T he  n u m b er  o f  edge cells a t  this s tage is 3.2 +_ 0.5 
cells. These  cells a p p e a r  m ore com pact than those at the previous stage due to 
the d isappearance  of the large yolk vacuoles and their rep lacem ent with much 
smaller ones (Fig. 3.9). As a result of such transform ation the m ean height of 
the  edge  is red u c e d  to 15.5^im. As is the  case of edge  cells a t  all stages, the  
nuclei o f  these  cells a re  p ro m in e n t  and  can be very easily d istinguished  from  
the non-edge cells of the blastoderm.
T h e  lea d in g  lam e lla e  o f  d is ta lm o s t  cells a re  f la t te n e d  an d  o v e r la p  and  
underlap  each other, ending in thin cytoplasmic processes which m ake contact 
with the vitelline m em brane  (Fig. 3.1()a). The length of these lamellae is 23 +_ 3 
yum i.e. s h o r te r  th a n  a t  s tage  3. A gain , no  sp e c ia l ised  ju n c t io n s  have  b e e n  
d e te c te d  b e tw een  these  lam ellae. D esm o so m es  have the  sam e d istr ibu tion  
b e tw e e n  th e  ce lls  as  d e s c r ib e d  in th e  p re v io u s  s ta g e  (F ig .  3.1()b), b e in g  
a b u n d a n t  b e tw een  the  proxim al and  less be tw een  the  cells o f  the  m id -pa rt  of 
th e  edge . A ga in ,  a few o f  the  cells w hich a re  in c o n ta c t  with  the  v ite ll ine
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m em b ran e  send a n um ber  of microvillous projections which p ro trude  deeply into 
t h e  m e m b r a n e  (F ig .  3 .1 1 a ) .  M i c r o f i l a m e n t s  a r e  c l e a r ly  s e e n  in t h e s e  
projections. Again, I have not noticed any changes in the distribution of these 
p ro je c t io n s  b e tw e e n  th e  d i f fe re n t  a re a s  o f  th e  edge . T h e  o n e  th ing  th a t  is 
noticeable as far as these projections are  concerned  is that they are  larger and 
pen e tra te  m ore  deeply into the vitelline m em brane  than  at the earlier stage.
T he  ec toderm al cells of the blastoderm  at this stage have decreased  slightly 
in h e ig h t  to  6 um  b u t  in c re a s e d  in w id th  to  12yum. T h e y  d isp lay  th e  sam e  
ju n c t io n a l  com plex  descr ibed  for the  ea rl ie r  stage, nam ely  tight junc t ions  and  
desmosom es: in addition, areas of interdigitations betw een the m em branes  of 
the  these  cells a re  also present (Fig. 3.1 lb).
T h e  d e e p  layer cells which cover the  basal lam ina  of the  e c to d e rm a l  cells 
can  now  m ostly  fo u n d  d is t r ib u te d  as ind iv iduals .  T h e y  possess  th in  lead in g  
lamellae which spread  over the basal lamina oriented towards the direction of 
the  leading edge (Fig. 3.12a). Some of these deep  layer cells a re  in contact with 
the edge (Fig. 3.12b).
3.3.3 Stage 8 (39 hours') b lastoderm  edge :
T h e  edge  a re a  (Fig. 13) occupies a width o f  123 +_ 7yum, a b o u t  the  sam e as 
stage 6, and its m ean  height is 12 um. The num ber  of cells in this edge is 3.8 _+ 
0.6. T he  leading lamellae of the distal cells are shorter  than those of the earlier 
stages, be ing  20.5 +_ 3yum. T he  genera l  d istr ibu tion  o f  junc t ions  be tw een  the 
cells o f  the  d iffe ren t a re a s  o f  the  leading edge is similar to th a t  descr ibed  for 
the  p rev ious  stages. A  n u m b er  of microvillous p ro jec tions  into the  vitelline 
m e m b ra n e  a re  sen t he re  also from  the  m id -pa rt  and  distal leading edge  cells 
w hich  a re  in d i re c t  c o n ta c t  w ith  th e  s u b s tr a tu m .  T h e s e  p ro je c t io n s  can  be 
ra re ly  s e e n  e x te n d in g  f rom  th e  p rox im a l  cells in to  th e  v i te l l ine  m e m b ra n e .  
This , ho w e v e r ,  d o e s  n o t  m e a n  the  to ta l  a b s e n c e  o f  th e s e  p ro je c t io n s  in the  
proximal a rea  of the edge but that they are  noticeably less frequen t than  in the
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o th er  two areas.
M ic ro tu b u le s  a re  a b u n d a n t  in th e  e d g e  cells a n d  a re  g e n e ra l ly  o r ie n te d  
parallel to the  direction of m ovement.
T he  ec toderm al cells a re  a rranged  as a very thin sheet with a m ean  height of 
4yum and a m ean  width of 14 jum. The  d e e p e r  layer cells are  found on the basal 
la m in a  o f  th e  e c to d e rm a l  cells (F ig .3 .14a) a n d  th e  m o st  d is ta l  o f  th e m  a re  
actually in direct contact with the proximal edge cells (Fig. 3.14b).
3.3.4 Stage 11-13 (48 hoursl  leading edge:
T he  width of the  leading edge has now increased to 153 +_ 8^im, a slight but 
statistically significant increase on the earlier stage width, and  its m ean  height 
has in c reased  to  22.5^im. T he  n u m b er  o f  cells has also increased  to  5.5 +. 0-7. 
L a rg e  yo lk-f il led  g ra n u le s  a re  a c o m m o n  f e a tu re  o f  e d g e  cells  a t  th is  s tage . 
L acunae  i.e. large intercellular spaces which vary in size are  ano ther  fea ture  of 
the  edge  cells. T h ese  lacunae  along with the  yolk g ranu les  give the  edge  cells 
their  vacuolated  ap pearance  (Fig. 3.15). The distal-most cells of the edge area  
a ttach  to the  vitelline m em brane  with their thin fan-like lamellae. T he  length 
o f  these lamellae is 13.6 +_ 3yum. These lamellae com m unicate  with each o ther  
via very thin filopodia (Fig. 3.16a). H ere  again, some of the proximal edge cells 
which a re  in con tac t  with the  ec to d e rm a l  cells possess cen tr ipe ta lly  o r ien ted  
lamellae.
A t  th e  T E M  lev e l  th e  p ro x im a l - m o s t  ce lls  o f  th e  e d g e  p o s s e s s  m an y  
m icro tubu les , the  m ajority  o f  which a re  o r ie n ta te d  tow ards  the  d irec tion  of 
m ovem ent some but are o rien tated  at right angles to this (Fig. 3.16b). In some 
instances bundles of microfilaments were seen extending th roughout the length 
o f  som e of  the  cells which are  s e p a ra te d  from  the  vitelline m e m b ra n e  by only 
th in  u n d e r la p p in g  lam ellae  p ro d u ce d  by o th e r  cells loca ted  proxim al to them  
(Fig. 3.17a). O n  the  u p p e r  surface o f  som e proxim al edge  cells, som e darkly 
stained lamellae extending from some deep er  layer cells were frequently seen
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(F ig . 3 .17b). T h e  d is t r ib u t io n  o f  ju n c t io n s  b e tw e e n  the  edge  cells is aga in  
s im ilar to th a t  descr ibed  for the  previous stages excep t tha t ,  as the  edge has 
in c reased  in width, the  desm osom es  in the  m id -pa rt  o f  the  edge have becom e 
restricted to those cells nea re r  to the proximal a rea  of the edge while they are 
less f requen t be tw een  the cells located m ore peripherally.
T he  ec toderm al cells have, by this stage, decreased  further  in height to 3jum 
while increasing  in w idth  to 18jum. T hese  cells a re  again  co n n e c te d  by apical 
tight junctions followed by a num ber of desm osom es (Fig. 3.18a) and in many 
instances  this is followed by in terd ig ita t ions  of  the ir  cell m em b ran e s .  Som e 
m ic ro tu b u le s  a n d  m ic ro f i la m e n ts  a re  p r e s e n t  a t  th e  a p ica l  s u r fa c e  o f  th ese  
ec toderm al cells (Fig. 3.18b). D eep  layer cells have the same distribution as in 
the previous stage.
3.3.5 Stage 15-16 (60-63 hours') leading edge:
T he  edge cells have by this stage transform ed their original organisation from 
m u lt i la y e r  to  b i layer ,  giving th e  edge  a re a  th e  s h a p e  of  a th in  s h e e t  o f  cells 
u n d e r  b o th  light an d  scan n in g  e le c tro n  m ic ro sc o p e s  (F ig . 3 .19). T h e r e  is a 
significant increase  in the  width o f  the  edge to 216 +_ 13^im, while th e re  is a 
slight decrease  in its m ean  height to 18.5^im . The num ber  of cells forming the 
edge has increased to 7.2 +_ 1.0 cells.
T he  d ista lm ost cells behave  as usual by send ing  b ro ad  fan-like lam ellae  to 
a ttach  to the vitelline m em brane  (Fig. 3.20a). These lamellae are  considerably 
shorter  than  those of the very early stages; being only 13.6 +_ 3.4^im. Many thin 
c y to p la s m ic  p r o c e s s e s  o r ig in a t in g  a t  t h e s e  l a m e l la e  m a k e  c o n ta c t  w ith  
neighbouring cells and the vitelline m em brane  (Fig. 3.20b).
T h e  e c to d e rm a l  p a r t  o f  the  b las tode rm  has by this s tage th inned  down as a 
result of a further  decrease in the height of its cells now m easuring 2^im. A t the 
s a m e  t im e ,  t h e  w id th  o f  th e  e c t o d e r m a l  c e l l s  h a s  i n c r e a s e d  to  2 2 ^ im .  
D esm osom es are  again found mainly betw een the cells of the proximal a rea  of
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the  leading edge. Again, deep  layer cells are  distributed on the basal lamina of 
the  ec toderm al cells.
T he  stages which follow will be  dealt with in a later  chap ter  as the edge cells 
a t  th e  la te  s tages  o f  ep ibo ly  d iffe r  in b o th  th e i r  o rg a n is a t io n  a n d  b e h a v io u r  
from  the stages already described.
3.4 M o rp h o m e tr ic  analysis o f  the  changes in the  lead ing  edge  a t  the  s tages of 
deve lopm en t studied above:
T h e  p u r p o s e  o f  th is  a n a ly s i s  is to  d e t e r m i n e  if t h e r e  is a s ig n i f i c a n t  
d iffe rence  in the  width and  height o f  the  leading edge a re a  and  in the  rela tive 
num ber  of cells and length of leading lamellae betw een  the different stages of 
developm ent, and how these differences could relate  to the repo r ted  changes in 
the  ra te  of expansion at different stages (Downie 1976).
3.4.1 T he  width o f  the  edge:
T he  results showed that the leading edge covers a relatively narrow a rea  on 
the  vitelline m e m b ra n e  at s tage 3 (104 +_ 9.5yum). T h e re  is th en  a statistically 
significant increase in this width at stage 6 to 123 +_ 6yum ( P < 0.001). T here  is 
n o  s ig n i f ic a n t  i n c r e a s e  in th e  w id th  b e tw e e n  s ta g e s  6 a n d  8 ( P > 0 .75 ) .  
How ever, the  increase in edge width is highly significant be tw een  stages 8 and 
11 ( P < 0.001) and  stages 11 and 16 (P<0.001) (Table 3.1 & Fig. 3.21a).
3.4.2 The  height o f  the  edge:
T h e  h e ig h t  o f  th e  e d g e  fo llow s  a s l igh tly  d i f f e r e n t  p a t t e r n  f ro m  t h a t  
d e s c r ib e d  fo r  the  w id th . T h e  m e a n  edge  h e ig h t  a t  s tag e  3 is 25yum. It th e n  
d ro p s  sharp ly  to 15.5yum and  12^im at s tages 6 and  8, respectively. T h e  edge 
then  increases in height reaching a m ean height of 22.5yum at stage 11. It then 
drops back to 18.4 um at stage 16 (Table 3.1 & Fig. 3.22a).
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3.4.3 T h e  nu m b er  and  size of the  cells:
T h e  r e l a t i v e  n u m b e r  o f  ce lls  a t  e a c h  s ta g e  o f  d e v e lo p m e n t  is in d i r e c t  
rela tion to the width of the edge. T here  is no significant difference betw een the 
nu m b er  of cells at stage 3, 6 and 8 where it was found to be 2.9 +_ 0.7, 3.2 +_ 0.5 
an d  3.8 +_ 0.6 cells, respectively. T he  n u m b e r  of cells was found  to increase  
significantly a f te r  s tage 8 w hen  it reaches  5.5 ±_ 0.7 cells at s tage 11 and  7.2 +_ 
1.0 cells at stage 16 ( P <  0 .001) (Table 3.1 & Fig. 3.21b).
T he  size of cells, on the o ther  hand, follows exactly the same p a tte rn  as the 
height of the  edge described in the above section; it is high (896^um2) at stage 
3, d ropping  to 593 jnm2 at stage 6 then to 407yum2 at stage 8. It increases again 
to 620^im2 at stage 11 before dropping back to 567yum2 at stage 16 (Table  3.1 
& Fig. 3.22b).
3.4.4 T h e  length of  the  leading lamellae :
T h e re  is a con tinuous  dec rease  in the  length  o f  the  lam ellae  from  stage 3 
through to stage 16 (Fig.3.23).
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Table  3.1: Measurements of the leading edge and its cells at different stages 
of development.
STAGE OF AREA 
DEVELOPMENT (yum2) 
+ SD
WIDTH
(yum)
+ SD
HEIGHT
yum
N O . o f  i 
c e l l s  
+ SD
CELL SI ZE  
(yum2)
Lame 1 l a  
L e n g th  
(yum) +.SD
3 2 5 9 9 + 3 5 2 104 + 10 2 5 . 0 2 . 9  + 0 . 7 8 9 6 3 0  + 3
6 1 9 1 6 + 3 5 0 123  + 6 1 6 . 5 3 . 2  + 0 . 5 5 9 8 23 + 3
8 1 5 3 4 + 2 2 8 123 + 7 1 2 . 2 3 . 8  + 0 . 6 4 0 3 2 0 . 5  + 3
11 3 4 3 4 + 5 2 0 153 + 8 2 2 . 0 5 . 5  + 0 . 7 6 2 4 1 3 . 6  + 3
16 4 0 0 8 + 6 6 7 2 1 6  + 13 1 8 . 5 7 . 2  + 1 . 0 5 5 6 1 3 . 6  + 5
S D =  Standard  deviations from the mean.
Cell size was obtained  by dividing the a rea  of the edge by the num ber  of cells. 
N o  s ta n d a r d  d e v ia t io n s  a re  show n fo r  cell size an d  the  h e ig h t  o f  th e  edge  
because figures were obtained by division.
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Fig.3.1- A  d ia g ra m  show ing  th e  te rm s  u se d  in d esc r ib in g  th e  b la s to d e rm  
edge  w h e re  (D )  a re  th e  distal edge  cells, (D L )  a re  the  d e e p  layer cells, (E )  
is th e  e c to d e rm a l  p a r t  o f  the  b las toderm , (L) the  lead ing  lam ella, (M P )  is 
the  m id -p a r t  cells o f  the  edge, (P )  a re  th e  proxim al cells o f  th e  edge, (W ) 
is th e  w id th  o f  th e  lead ing  edge  and  (V m ) is the  vitelline m e m b ra n e  which 
is c o m p o s e d  o f  in n e r  (I)  a n d  o u te r  (O )  su rfaces .  A b b re v ia t io n s  a r e  n o t  
necessarily  th e  sam e  on  o th e r  figures.
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Fig.3.2 a- Scann ing  e lec tron  m ic rog raph  (S E M ) showing the  a p p e a ra n c e  
o f  s tage  3 (15) hou rs  lead ing  edge. B ro a d  leading  lam ellae  (L) a re  sp read  
f ro m  th e  d is ta l  cells o f  th e  lea d in g  e d g e  (L e )  o n  th e  in n e r  su r fa c e  o f  the  
vitelline m e m b r a n e  (V). B a r  =  10 um .
F ig .3 .2  b- L ig h t  m ic ro g ra p h  o f  th e  lea d in g  e d g e  o f  a  s ta g e  3 b la s to d e rm . 
N o t ic e  t h e  l a r g e  y o lk  v a c u o le s  (Y )  in t h e s e  ce lls  a t  th is  s ta g e .  L a rg e  
i n t e r c e l lu l a r  s p a c e s  o r  l a c u n a e  ( lc )  a r e  n o t i c e a b le .  T h e  e c t o d e r m  (E ) 
does  n o t  c o m e  in to  con tac t  with the  vitelline m e m b ra n e  (V). A rrow head  
shows th e  lead ing  lam ella  o f  a  distal cell. B a r =  50 urn.
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Fig.3.2a
Fig.3.2.b
Fig.3.3 a- S E M  show ing th e  lead ing  lam ellae  o f stage  3 edge  cells. E ach  
la m e lla  u n d e r la p s  th e  cells in f ro n t o f it. S o m e o f  th e s e  la m e lla e  e n d  in 
th in  filopod ia  (a rro w s) w hich com e in co n tac t w ith th e  n e ig h b o u rin g  cells. 
V =  v ite lline  m em b ran e . B a r=  1 /um.
F ig .3 .3  b - T ra n s m is s io n  e le c tr o n  m ic ro g ra p h  (T E M )  o f  th e  p ro x im a l 
e d g e  ce lls  o f  s ta g e  3 b la s to d e rm  show ing  th a t  th e s e  cells  a re  c o n n e c te d  
t o g e t h e r  b y  s o m e  d e s m o s o m e s  ( D )  a n d  c lo s e  p o i n t s  o f  c o n ta c t  
(a rro w h e a d s) . B a r =  1 .3 u m . X  24.5K.
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Fig.3.3a
Fig.3.3 b
F ig .3 .4  a -  T E M  o f  t h e  m i d p a r t  o f  t h e  l e a d i n g  e d g e  a t  s ta g e  3. 
D e sm o so m es (D ) a re  less p ro m in e n t b e tw een  th e  cells o f th is a re a . Cells 
a re  a lso  c o n n e c te d  by p o in ts  o f  c lose  c o n ta c t  (a r ro w h e a d s ) . B a r =  0.87 
jum. X  41K.
F ig .3 .4  b - T E M  show ing  th e  a b se n c e  o f  d e sm o so m e s  b e tw e e n  th e  d istal 
c e lls  o f  th e  le a d in g  e d g e  a t  s ta g e  3. L =  u n d e r l a p p in g  la m e l la ;  V =  
V itelline  m em b ra n e . B a r=  1.24/um. X  23K.
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Fig.3.4 a
Fig.3.4 b
Fig.3.5 a- T E M  show ing a cen tripe ta lly  o rie n ted  lam ella  (C L ) o f th e  m ost 
p r o x im a l  c e l l  o f  s t a g e  3 l e a d in g  e d g e .  T h is  c e l l  a l s o  p o s s e s s e s  a 
c e n tr ifu g a lly  o r ie n te d  la m e lla . C o r t ic a l  m ic ro f i la m e n ts  (c f)  a r e  also  
visible. V =  v ite lline  m em b ran e . B a r=  2.3 jum. X  15.6K.
Fig.3.5 b- T E M  show ing th a t th e  lead ing  edge  cells possess m icro tubu les 
(a rro w h e a d s)  o r ie n ta te d  tow ards th e  d irec tio n  o f m o v em en t (solid  arrow ). 
B a r=  0.46 jam . X  36.7K.
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Fig.3.5 a
Fig.3.5 b
Fig.3.6 a- T E M  show ing a m icrovillous p ro jec tio n  (M P ) p ro tru d in g  from 
th e  b asa l su rface  o f  a  lead ing  edge  cell in to  th e  v ite lline  m e m b ra n e  (V ) of 
s tage  3 b las to d e rm . B a r=  0.83 jum. X  39K.
F ig  3 .6b  T E M  o f  e c to d e rm a l  cells  o f  s ta g e  3 b la s to d e rm . T h e  cells  are 
c o n n e c te d  a t  th e ir  a p ic a l su rfa c e  by a ju n c t io n a l  c o m p le x  co n sis tin g  of 
tig h t ju n c t io n  (T J )  fo llo w ed  by d e sm o so m e s  (D )  a n d  in te rd ig ita t io n s  of 
th e  la te ra l p lasm a  m em b ran e s  (I). B a r=  0.83 /um. X  39K.
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Fig.3.7 a- S E M  show ing th e  ap ical su rface  o f th e  e c to d e rm a l cells o f stage 
3 b la s to d e rm . M icrov illi m a rk  th e  b o u n d a r ie s  b e tw e e n  th e  cells  a n d  are  
also  sc a tte re d  over th e  ap ica l su rface. B a r=  liu m .
Fig.3.7 b- T E M  show ing th e  b asa l su rface  o f th e  e c to d e rm a l cells (E ). A 
b a s a l  la m in a  (B L )  c o v e rs  th is  s u r fa c e  o f  th e  c e lls  a n d  e x te n d s  to  the  
p e rip h e ry  o f  th e  p rox im al ed g e  cells. D =  d e e p  layer cell. B a r=  0.32yum. 
X  102.85K.
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Fig.3.7 a
Fig.3.7 b
F ig .3 .8  ( a & b ) - T E M s  s h o w in g  d e e p  l a y e r  c e l l s  ( D )  d i s t r i b u t e d  as 
in d iv id u a ls  ( a )  a n d  in  g ro u p s  (b )  o n  th e  b a sa l la m in a  o f  th e  e c to d e rm a l 
cells (E ). B a r=  5.3jum. X  10K.
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Fig.3.8 b
3.9 L ig h t (b ) a n d  S E M  (a )  o f  th e  lea d in g  e d g e  (L e )  a t s ta g e  6. T h e  cells 
h av e  a m o re  c o m p a c t a p p e a ra n c e  th a n  th o se  o f  th e  p re v io u s  s tag e . E =  
e c to d e rm ; V =  v ite llin e  m e m b ra n e . B a r  in  (a )  =  lOyum a n d  in  (b )  =  50 
yum.
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F ig .3 .1 0  a - S E M  o f  th e  d is ta l  ce lls  o f  s ta g e  6 le a d in g  e d g e  sh o w in g  th e  
la m e lla e  (L ) w h ich  u n d e r la p  e a c h  o th e r . T h e  f re e  la m e lla e  e n d  in  th in  
p ro cesses  (a rro w h e a d s)  w hich m ak e  co n tac t w ith  th e  v ite lline  m em b ran e  
(V ). B a r=  1 ^ im .
F ig .3 .10 b- T E M  show ing th e  p re se n c e  o f d esm osom es (D ) an d  p o in ts  of 
close  c o n ta c t (a rro w h e a d s)  b e tw e en  th e  prox im al cells o f  s tage  6 lead ing  
ed g e . D e sm o so m e s  a re  less p ro n o u n c e d  b e tw e e n  th e  m id p a r t  cells  and  
a re  c o m p le te ly  a b s e n t  a t  th e  d is ta l  p a r t  o f  th e  e d g e . B a r =  l . l ^ i m .  X 
18.5k.
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Fig.3.11 a- T E M  show ing a m icrovillous p ro jec tio n  (M P ) p ro tru d in g  into 
th e  v ite llin e  m e m b ra n e  (V ) fro m  th e  cells in c o n ta c t  w ith  it, in a  s tag e  6 
lead in g  edge. B a r=  0.46 um . X  41K.
Fig.3.11 b- T E M  show ing th e  p e rs is ten ce  o f th e  sam e ju n c tio n a l com plex 
b e tw e e n  th e  e c to d e r m a l  c e lls  a t  s ta g e  6. T J =  T ig h t  ju n c t io n ;  D  = 
D e sm o so m e ; 1=  in te rd ig ita t io n s  o f  th e  c e llu la r  m e m b ra n e s . B a r =  0.73 
yum. X  24.5K .
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Fig.3.11 a
Fig.3.11 b
F ig .3 .12 a- L ig h t m ic ro g ra p h  o f  s ta g e  6 b la s to d e rm  show ing  so m e  d eep  
layer cells (a rro w h e a d s)  on  th e  basa l su rface  o f th e  e c to d e rm a l cells (E). 
A re a  m a rk e d  by sq u a re  is show n in Fig.3.12 b. B a r=  50 urn.
F ig .3 .12 b- T E M  o f th e  a re a  m a rk e d  in Fig. 3.12a show ing a dark ly  stained 
d e e p  la y e r  c e ll (D )  in  c o n ta c t  w ith  th e  v e n tr a l  s u r fa c e  o f  th e  p ro x im a l 
ed g e  cells (P L e). B a r=  3.8yum. X  9.4K.
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Fig.3.12 a
Fig.3.12 b
Fig.3.13 a- SEM showing the general appearance of the leading edge
(Le) at stage 8. V= Vitelline membrane. Bar= 10 yum.
Fig.3.13 b- L igh t m ic ro g rap h  o f th e  lead ing  edge  o f s tage  8 b lasto -derm . 
D e e p  layer cells (a rro w h e a d s)  a re  found  on  th e  basa l side o f th e  ec to d erm  
( E ) .  O n e  o f  th e m  ( a r r o w )  is in  c o n ta c t  w ith  th e  l e a d in g  e d g e .  V  = 
V ite lline  m em b ran e . B a r=  50yum.
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Fig.3.13 a
Fig.3.13 b
Fig.3.14 a- L igh t m ic ro g rap h  o f a n o th e r  stage  8 b la s to d e rm  edge  show ing 
a s tr e a m  o f  d e e p  lay e r  cells  (a r ro w h e a d s )  n e a r  th e  lea d in g  ed g e . L e =  
lead ing  edge; E =  ec to d e rm ; V =  v itelline m em b ran e . B a r=  50 um .
Fig .3 .14 b- T E M  show ing o n e  o f th e  d e e p  layer cells (D ) in th e  vicinity of 
th e  le a d in g  e d g e  w ith  its lea d in g  la m e lla  (L ) m ak in g  d ire c t  c o n ta c t  w ith  
th e  p rox im al cells o f  th e  edge  (P L e). B a r=  5.2yum. X  6.67K.
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Fig.3.14 a
Fig.3.14 b
Fig.3.15 a- SEM showing the general appearance of the leading edge
(Le) at stage 11. Bar= lOjum.
Fig.3.15 b- L igh t m ic ro g rap h  o f  th e  lead ing  edge  o f  a  stage  11 b lastoderm  
sh o w in g  th e  v a c u o la te d  a p p e a r a n c e  o f  th e  ce lls . E =  E c to d e r m ;  V =  
V ite lline  m em b ra n e . B a r=  5 0 u m .
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Fig.3.15 a
Fig.3.15 b
F ig .3 .1 6  a - S E M  o f  s ta g e  11 b la s to d e rm  sh o w in g  th e  fa n - l ik e  le a d in g  
la m e l la e  ( L )  w h ic h  m a k e  c o n ta c t  w ith  e a c h  o t h e r  v ia  th in  f i lo p o d ia  
(a rro w h e a d s) . B a r=  10 jum.
F ig .3 .16  b - T E M  o f  s ta g e  11 lea d in g  ed g e  show ing  th a t  m ic ro tu b u le s  (T) 
se e m  p re d o m in a n tly  o r ie n ta te d  to w a rd s  th e  d ire c tio n  o f  m o v e m e n t. In 
so m e cases som e m ic ro tu b u les  a re  fo u n d  to  b e  o r ie n te d  a t  righ t ang le  to 
th a t  d ire c tio n . C o rtic a l m ic ro fila m e n ts  (F )  a re  a lso  p re s e n t .  B a r =  0.46 
jam  X  41K.
61
Fig.3.16 a
Fig.3.16 b
F ig .3 .17  a- T E M  o f  s ta g e  11 b la s to d e rm  ed g e  cells show ing  a b u n d le  of 
m ic r o f i la m e n ts  ( F )  e x te n d in g  a lo n g  th e  b a s a l  s u r f a c e  o f  o n e  o f  th e  
p ro x im a l e d g e  cells  w h ich  is s e p a ra te d  fro m  th e  v ite llin e  m e m b ra n e  (V ) 
by a le a d in g  la m e lla  (L ) fro m  a m o re  p ro x im a l ed g e  cell. B a r =  11.2yum. 
X  8.8K.
F ig.3.17 b- T E M  o f stage  11 p rox im al edge  cells show ing a dark ly  stained 
lam ella  (L ) ex tend ing  on  th e  u p p e r  su rface  o f th e  cells. N o tice  th e  series 
o f  d esm o so m es (D ) b e tw e en  th ese  cells. B a r=  5 .7yum. X  8.96K.
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Fig.3.17 a
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Fig.3.17 b
F ig .3 .18 a- T E M  o f  th e  e c to d e rm  o f s ta g e  11 b la s to d e rm . H e re  again , 
th e s e  cells  a re  c o n n e c te d  by an  a p ica l tig h t ju n c tio n  (T J )  fo llo w ed  by a 
n u m b e r  o f  d e s m o s o m e s  (D )  a n d  in te r d ig i ta t io n  o f  th e i r  m e m b ra n e s  
( a r ro w h e a d s ) . A  b a sa l  la m in a  (B L ) covers  th e  b a sa l s ide  o f th e s e  cells. 
B a r=  3.57jum . X  12.4K.
F ig.3.18 b- T E M  o f an  e c to d e rm a l cell as above  show ing th e  o rien ta tio n  
o f  m ic ro tu b u le s  (a rro w s). M ic ro fila m e n ts  (F )  e x te n d  in to  th e  m icrovilli 
w hich  p ro tru d e  fro m  th e  ap ica l su rface. B a r=  0.29 yum. X  63.4K.
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Fig.3.19 a- SEM of a stage 16 b lastoderm  edge (Le). V =  Vitelline
membrane. Bar= lOjum.
F ig .3 .1 9  b -  L ig h t  m ic r o g r a p h  o f  t h e  l e a d i n g  e d g e  o f  a  s t a g e  16 
b la s to d e rm . T h e  cells o f th e  edge  a t th is stage  have a b ilayer in s te a d  o f a 
m u ltila y e r  o rg a n isa tio n . E =  E c to d e rm ; V =  V ite llin e  m e m b ra n e . B a r=  
50yum.
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Fig.3.19 a
Fig.3.19 b
F ig .3 .2 0  a - H ig h  m a g n i f ic a t io n  o f  a n  a r e a  in  F ig .3 .1 9 a  s h o w in g  th e  
o v e rlap p in g  o f th e  lead ing  lam ellae  (L ). B a r=  10 urn.
F ig .3 .20 b- S E M  show ing th e  sh o rt lead ing  lam ellae  (L ) o f s tage  16 distal 
e d g e  cells  e x te n d in g  th in  cy to p la sm ic  p ro c e s se s  ( a r ro w h e a d s )  to  m ake 
c o n ta c t  w ith  th e  v i te l l in e  m e m b r a n e  (V )  a n d  th e  n e ig h b o u r in g  cells. 
B a r=  10 urn.
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Fig.3.20 a
Fig.3.20 b
F ig .3 .21  a - A  g r a p h  s h o w in g  th e  r e l a t i o n s h ip  b e tw e e n  th e  s ta g e  o f  
d e v e lo p m e n t a n d  th e  w id th  o f  th e  le a d in g  ed g e . T h e re  is a  s ta tis tica lly  
s ig n ifican t in c re a s e  in  th is  p a ra m e te r  by s ta g e  11 a n d  1 6 ( 2  a n d  2.5 days 
o f  in cu b a tio n , respectively ).
F ig .3 .2 1  b -  A  g r a p h  s h o w in g  th e  r e l a t i o n s h ip  b e tw e e n  th e  s ta g e  o f 
d e v e lo p m e n t an d  th e  n u m b e r  o f cells in th e  lead ing  edge. A s in th e  above 
p a ra m e te r ,  th e r e  is a  s ta tis tic a lly  s ig n ifican t in c re a se  in  th e  n u m b e r  of 
ed g e  cells a t  s tage  11 an d  16.
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F ig .3 .22  a - A  g ra p h  show ing  ch a n g es  in th e  h e ig h t o f  th e  lea d in g  e d g e  as 
expan sio n  p ro ce e d s . T h e re  is no  consisten t p a tte rn  in this p a ra m e te r .
Fig.3.22 b- A  g rap h  show ing th a t also  th e  size o f  th e  lead ing  ed g e  cells do 
n o t follow  a co n sis ten t p a tte rn .
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F ig .3 .23- A  g ra p h  show ing  th e  c o n tin u o u s  d e c re a s e  in  th e  le n g th  o f  the 
d ista lm o st lead ing  lam ellae  from  stage 3 th ro u g h  to  16.
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3.5 DISCUSSION
O nly very  few  stud ies have b e e n  d o n e  on  th e  sh ap e  an d  b eh a v io u r o f  th e  
le a d in g  e d g e  o f  t h e  e a r ly  c h ic k  b l a s t o d e r m ,  a n d  a ll  t h e s e  s tu d i e s  h a v e  
c o n c e n tra te d  o n  th e  v e ry  ea rly  s tag es  o f  d e v e lo p m e n t, m o stly  a ro u n d  th e  firs t 
day o f in c u b a tio n  (D o w n ie  a n d  P e g ru m , 1971; D o w n ie , 1971; C h e rn o ff  a n d  
O verton  1979; A n d ries  an d  V ak ae t, 1985a,b an d  A n d ries  et. a l , 1985). A s such, 
these stud ies have n o t given th e  full series o f  even ts  w hich tak e  p lace  d u ring  th e  
d e v e lo p m e n t  o f  th is  v e ry  i m p o r t a n t  s t r u c t u r e  o n  w h ic h  t h e  l i f e  o f  t h e  
developing em bryo  depen d s.
T he  w ork  covered  in this c h a p te r  w as designed  to  follow  th e  d e v e lo p m en t 
o f  th e  e d g e  to  s e e  if  t h e r e  a r e  a n y  n o te w o r th y  c h a n g e s  in  th e  s h a p e  a n d  
b e h a v io u r o f  its cells fro m  th e  s ta g e  o f th e ir  ea rly  a t ta c h m e n t  to  th e  v ite llin e  
m e m b ra n e  to  th e  s ta g e  a t  w h ic h  th e y  h a v e  s u r r o u n d e d  1/2  - 2 /3  o f  th e  y o lk  
sp h e re . T h e  fina l s ta g e s  in s u rro u n d in g  th e  yo lk  s p h e re  w ill b e  d e s c r ib e d  in 
detail in c h a p te r  5.
This study also  p re se n ts  th e  first acco u n t o f m o rp h o m e tric  changes w hich 
occur in the  lead ing  edge from  o n e  stage  o f d e v e lo p m en t to  a n o th e r  a n d  re la te s  
th ese  ch an g es  to  th e  r e p o r te d  v a ria tio n s  in th e  r a te  o f  m o v e m e n t o f  th e  e d g e  
(D ow nie, 1976).
3.5.1: Yolk content o f edge cells and nearby ectoderm:
It h a s  b e e n  r e p o r te d  (B e lla ir s  a n d  N e w  1962) th a t  th e  c e lls  o f  c h ic k  
em bryos u p  to  o n e  day  o ld  a re  r ich  in yolk  g ra n u le s  a n d  su g g e s te d  th a t  th e s e  
a re  th e  so u rc e  o f  n o u r is h m e n t fo r  th e  d e v e lo p in g  e m b ry o  b e fo re  th e  o n s e t  o f  
b lo o d  c i r c u la t io n .  M y o b s e r v a t io n s  a r e  in  t o ta l  a g r e e m e n t  w ith  B e l l a i r s ’ 
findings. Y o lk  in c lu sio n s w e re  fo u n d  in th e  e d g e  as w ell as in  th e  e c to d e rm a l  
cells o f th e  b la s to d e rm  a t  s ta g e  3 (H & H ). S ince  th e  e d g e  cells  a re  th e  c ru c ia l 
elem ent in th e  sp read in g  o f th e  w hole  b las to d e rm , it w as n o t u n e x p e c te d  to  find
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th a t these  cells a re  filled w ith large yolk inclusions w hich w ould  b e  u sed  as th e  
source o f energy  n e e d e d  fo r such a d em an d in g  activity.
A t stage 6 (a f te r  a b o u t o n e  day o f in cu b a tio n ) I found  th a t  th e  edge  cells 
con tained  m uch  less yolk,in th e  fo rm  o f sm all g ranu les, p resu m ab ly  as a  resu lt 
of its usage during  th e  early  stages.
I a lso  fo u n d  th a t  th e  ed g e  cells w hich  a re  in d ire c t c o n ta c t  w ith  th e  yolk  
have an irregu la r su rface  from  w hich villi p ro tru d e . T h ese  villi m ay  b e  involved 
in the  phagocytic activity re p o r te d  by B ellairs an d  N ew  (1962). T his phagocy tic  
activity cou ld  a c c o u n t fo r  th e  r e a p p e a ra n c e  o f  th e  re la tiv e ly  la rg e  v a c u o le s  
w hich a re  o n e  o f  th e  fe a tu re s  o f  ed g e  cells a t  s ta g e  11. T h e  a m o u n t  o f  yo lk  in 
the edge cells a t th e  stages th a t follow  w as found  to  be  no ticeab ly  less th a n  th a t 
a t stage  11. T h is  d o e s  n o t m e a n  th a t  p h ag o cy to s is  is n o t tak in g  p la c e  a t  th e s e  
stages b u t p e rh a p s  th a t  th e  yo lk  w h ich  h as  b e e n  u p ta k e n  by th e  cells  is b e in g  
used m ore  rap id ly  d u e  to  th e  increasing  d e m a n d  fo r energy  as b o th  th e  r a te  o f 
m ovem ent o f th e  edge a n d  th e  a re a  th a t it covers increase .
T h e  e c to d e r m a l  c e l ls  o f  t h e  b l a s t o d e r m  a t  t h e  e a r l y  s t a g e s  o f  
d e v e lo p m en t a re  a lso  ac tive . T h ey  show  a h igh  d e g re e  o f  p ro life ra t io n  a n d  
g row th to  in c re a se  th e  d ia m e te r  o f th e  b la s to d e rm  as th e  e d g e  cells  c o n tin u e  
th e ir  cen trifu g a l m ig ra tio n  (D o w n ie , 1976). T o  ac h ie v e  th is , th e  e c to d e rm a l  
cells need  a substan tia l energy  sou rce  and , hence, th e  p re se n c e  in th em  o f  th e  
yolk.
3.5.2 Edge cell lamellae and contacts with the vitelline m em brane:
a) Lamellae, contacts and microfilaments
D ow nie  (1971), D o w n ie  a n d  P e g ru m  (1971) a n d  C h e rn o ff  a n d  O v e r to n
(1979) re p o r te d  th a t , a t  le a s t a t  th e  s tag es  th a t  th ey  s tu d ie d , th e  le a d in g  e d g e  
cells o f th e  b la s to d e rm  p o ssess  lea d in g  la m e lla e  w h ich  a re  g e n e ra lly  o r ie n te d  
to w ard s  th e  d i re c t io n  o f  m o v e m e n t o f  th e  e d g e  a n d  a r e  u n d e r la p p in g  a n d  
overlapping each  o th er. T h e  resu lts  o f th e  p re se n t study  suggest th a t  th is is th e
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case n o t only fo r th e  early  stages th a t th e  above au th o rs  d escrib ed  b u t also fo r 
the la te r stages o f d eve lopm en t, even  a fte r  changes in th e  g en e ra l o rg an isa tio n  
of the  edge cells (see  la te r) .
A lthough  m ost o f th e  w ork  concern ing  cell locom otion  has b e e n  ca rried  
o u t on  fib ro b la s ts  m ov ing  o n  a rtific ia l s u b s tra ta , th e re  se em s to  b e  a g e n e ra l  
belief th a t th e  m ain  locom oto ry  m o to r  in b o th  fib rob lasts  a n d  ep ith e lia l cells is 
th e ir  lead in g  la m e lla e  (A b e rc ro m b ie  et. al. 1970 a& b , 1971 & 1977, H a r r is  
1973, M id d le to n , 1973, R a d ic e , 1978 a n d  1980a, T r in k a u s , 1984 a n d  L ack ie , 
1986).
A b e rc ro m b ie  et. al. (1970 a & b ) h av e  show n  th a t  th e  lea d in g  la m e lla e  o f 
fib ro b lasts  p ro tru d e  a n d  w ith d ra w  in a ra n d o m  su ccess io n  w ith  lo n g e r  tim e  
being  sp e n t in p ro tru d in g  th a n  w ith d raw a l, re su ltin g  in  a  n e t  a d v a n c e  o f  th e  
c e ll . T h e  m e c h a n is m  b y  w h ic h  t h e s e  l e a d in g  l a m e l l a e  a r e  f o r m e d  is 
com plicated  and  a re  th o u g h t to  involve b o th  th e  loosely o rg an ised  m eshw ork  o f 
m ic ro filam en ts  a n d  h y d ro s ta tic  p re s su re . E v id e n c e  fo r  th is  co m e s  fro m  th e  
o b s e rv a t io n s  t h a t  b o th  c y to c h a la s in  w h ic h  in h ib i ts  a c t in  p o ly m e r i s a t io n  
(S p o o n e r et. al., 1971 a n d  C o o p e r  et. al., 1987) a n d  so rb ito l (T r in k a u s , 1984) 
p reven ted  th e  fo rm a tio n  o f th e  lead ing  edge.
A n  in te r e s t in g  q u e s t io n  w h ic h  a r i s e s  h e r e  is w h a t  d e te r m i n e s  th e  
fo rm a tio n  o f such  la m e lla e  a t  o n e  e n d  o f  a cell r a th e r  th a n  a n o th e r . B riefly , 
H a rr is  (1 9 7 3 ) a n d  E r ic k s o n  a n d  T r in k a u s  (1 9 7 6 ) s u g g e s te d  th a t  u n k n o w n  
fac to rs  cou ld  c au se  w e a k e n in g  o f  th e  c o rtica l c y to sk e le to n  a t  o n e  e n d  o f  th e  
cell. As a resu lt, th e  p lasm a m em b ran e  c a n n o t resist th e  p re ssu re  a n d  bulges, 
fo rm ing  th e  p ro tru s io n , o r  lam e lla . O s te r  a n d  P e re ls o n  (1987 ) su g g e s te d  th a t  
after the  p ro tru s io n  is p ro d u ced , ac tin  po lym erises to  fill th e  gap.
A s m e n t io n e d  a b o v e ,  t h e  m e s h w o r k  o f  m ic r o f i l a m e n t s  is lo o s e ly  
o rgan ised  in th e  lea d in g  la m e lla e  o f  ac tive ly  m ov ing  cells. H o w e v e r , in  slow  
moving cells th e  m icro filam en ts a re  o rgan ised  in bund les, o r s tress  fib res, w hich
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te rm in a te  a t  fo c a l c o n ta c ts  w ith  th e  s u b s tr a tu m  (S p o o n e r  et. al., 1971 a n d  
Trinkaus, 1984). L ight an d  transm ission  e lec tro n  m icroscopy o f th e  lead ing  
edge cells o f the  b las to d e rm  have all th e  charac te ris tics  o f actively m oving cells. 
T hey  p o sse s s  le a d in g  la m e lla e  w h ic h  a r e  o r ie n te d  to w a rd s  th e  d i r e c t io n  o f  
b lastoderm  expansion  an d  a re  rich  in cortical m icro filam en ts. S om e lam ellae  
o f th e  ed g e  cells p ro d u c e  fe e t- lik e  m icrov illous  p ro je c tio n s  in to  th e  v ite llin e  
m em brane. T h e  significance o f th ese  a re  d iscussed  below .
A s f a r  a s  c e l l - s u b s t r a tu m  c o n ta c ts  a r e  c o n c e r n e d ,  it  is k n o w n  t h a t  
fib rob lasts  a n d  e p ith e lia l  cells m ov ing  o n  p la in  s u b s tra ta  m a k e  tw o  ty p es  o f  
co n tac t w hen  ex a m in ed  u n d e r  in te r fe re n c e  - re f le c tio n  m ic ro sc o p y  ( C u rtis , 
1964 and  Izzard  an d  L ochner, 1976). T h ese  a re  focal an d  close con tac ts . F oca l 
con tac ts  a re  p o in ts  o f  s tro n g  a d h e s io n  b e tw e e n  th e  cells  a n d  th e ir  s u b s tra tu m  
and a re  a sso c ia te d  w ith  m ic ro fila m e n t b u n d le s  a n d  th u s  a re  th o u g h t to  p lay  
som e ro le  in cell m o tility  ( H e a th  a n d  D u n n , 1978 a n d  W e h la n d  et. al., 1979). 
H ow ever, th e se  foca l c o n ta c ts  a re  fo u n d  to  b e  m o re  a b u n d a n t  in  less  m o tile  
cells ( C ouchm an  an d  R ees, 1979; K elle r et. al., 1979 an d  K o lega  et. al., 1982). 
Even w hen th ese  con tac ts  a re  found  in m oving cells, th ey  a re  usually  lo ca ted  a t 
the ends o f re trac tio n  fibres o r a t th e  tail o f  th e  cells an d  a re  freq u en tly  b ro k e n  
from  the  su b stra tu m  an d  left b e h in d  (C hen , 1981).
C lose  c o n ta c ts , o n  th e  o th e r  h a n d , a re  p o in ts  o f  w e a k e r  a d h e s io n  to  th e  
su b s tra tu m  a n d  a r e  fo u n d  in  th e  m o re  a c tiv e ly  m o v in g  ce lls . W h ile  fo c a l  
contacts a p p e a r  as d a rk  s treak s  a ligned  p a ra lle l to  th e  d irec tio n  o f  m o v em en t, 
close co n tac ts  a p p e a r  as b r ig h te r  g rey  a re a s  u n d e r  th e  in te r fe re n c e  re f le c tio n  
m icroscope. C h en  (1981) found  th a t close con tac ts  in crease  in n u m b e r  as th e  
protrusive activity a t th e  lead ing  edge o f th e  cells increases. Sim ilarly, R ad ice
(1980), using X enopus  ta d p o le  ta il e p ith e liu m , a n d  H e a th  (1 9 8 2 ), u s in g  ch ick  
co rnea l e p ith e liu m , fo u n d  th a t  th e  m ain  c o n ta c t  b e tw e e n  th e  s u b s tra tu m  a n d  
these  actively  m ov ing  cells is m a d e  th ro u g h  c lose  c o n ta c ts  w ith  on ly  v e ry  few  
focal contacts. Ire lan d  an d  S te rn  (1982) re p o r te d  th a t  close co n tac ts  a re  fo u n d  
be tw een  th e  s u b s tra tu m  a n d  new ly c u ltu re d  h y p o b la s t cells  a n d  th a t ,  as th e
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h y p o b la s t  c e lls  b e c o m e  o ld e r  a n d  le s s  a c t iv e  th e y  d e v e lo p  fo c a l  c o n ta c ts  
a s so c ia te d  w ith  s tre s s  f ib re s . U n lik e  fo c a l c o n ta c ts ,  c lo se  c o n ta c ts  a r e  n o t 
associated  w ith bund les  o f m icrofilam ents.
A t th e  stages o f b las to d e rm  lead ing  edge d e v e lo p m en t exam in ed  above, 
bundles o f m icrofilam ents a re  rare ly  seen  in th e  edge cells w hich a re  in co n tac t 
w ith th e  v ite llin e  m e m b ra n e  a n d , w h en  fo u n d , th ey  a re  m ain ly  re s t r ic te d  to  
som e p rox im al cells, p ro b a b ly  an  in d ic a tio n  th a t  th e  cells  a t  th is  p a r t  o f  th e  
b la s to d e rm  ed g e  m ay b e  m ov ing  less ac tively  th a n  th e  cells  a t  th e  o th e r  tw o 
parts.
b) L ength  o f th e  lead ing  lam e lla e :
M e a s u r e m e n ts  o f  th e  le n g th  o f  th e  le a d in g  l a m e l la e  in  d i s ta l  c e lls  
r e v e a le d  t h a t  t h e s e  l a m e l l a e  d e c r e a s e  in  l e n g t h  w i th  t h e  a d v a n c e  o f  
developm ent. T h e ir  leng th  w as found  to  b e  31 +. 4 .4 jum  a t stage  3, d ro p p in g  to  
23 +. 5 jam  a t  stage  6, 20.5 +_ 3 jum a t stage  8 ,1 3 .6  +. 2.6yum a t s tage  11 a n d  13.6 
+. 5.3yum a t stage  16. T h ese  figures re p re se n t 28% , 19% , 16% , 9%  a n d  6%  o f 
th e  to ta l  w id th  o f  th e  e d g e  a t  s ta g e s  3, 6, 8, 11 a n d  16 r e s p e c t iv e ly .  T h e  
significance o f this d e c re a se  in th e  leng th  o f lam ellae  is n o t c lea r an d  I am  n o t 
aw are o f any w ork  p red ic ting  o r show ing th a t changes in lam ella  size cou ld  be  
im p o r ta n t  in  lo c o m o tio n . I t is p o s s ib le  th a t  a  s e r ie s  o f  ce lls , a c tin g  in  a  c o ­
o rd in a ted  w ay m ay  m ove  fa s te r  if th e re  a re  a  re la tiv e ly  la rg e  n u m b e r  o f  cells  
with sho rt lam ellae  th an  if th e re  a re  few er cells w ith  la rg e r lam ellae .
Microvillous projections and the vitelline membrane
M ost o f th e  w o rk  on  e p ith e lia l  s p re a d in g  h as  b e e n  c a r r ie d  o u t o n  p la in  
and solid su b s tra ta  an d  n o t on a fib rillar m atrix  such as th e  v ite lline  m e m b ran e . 
I am  n o t a w a re  o f  p re v io u s  w o rk  o n  e p i th e l ia l  ce lls , a p a r t  f ro m  e d g e  ce lls , 
reporting  ep ithe lia l cells p ro jec ting  in to  gaps in th e  m esh . H ow ever, th e re  is a 
clear sim ilarity h e re  b e tw e en  th e  p ro jec tio n s  p ro d u ce d  by ed g e  cells a n d  som e 
o th e r cell types. F o r  e x a m p le , H a s to n  et. al. (1 982 ) fo u n d  th a t  ly m p h o cy te s
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attach  to  and  m ig ra te  on  3 -d im ensional m atrices by a n o n -adhesive  m echan ism  
w hich is th e  e x te n s io n  a n d  e x p a n s io n  o f  p s e u d o p o d ia  th ro u g h  g a p s  in  th e  
m atrix . T h ey  a lso  sho w ed  th a t  ly m p h o cy tes  a t ta c h e d  to  a n d  m o v ed  o n  f ilte rs  
with p o re  sizes large  en o u g h  to  allow  fo r th e  p e n e tra tio n  o f such  p se u d o p o d ia , 
w h ile  th e y  f a i le d  to  a t t a c h  to  f i l te r s  w ith  m u c h  s m a l le r  p o r e  s iz e s . T h e y  
suggested  th a t  th e se  p s e u d o p o d ia  a c t as n o n -a d h e s iv e  a n c h o ra g e  p o in ts  fo r  
locom otion. Sim ilarly, B row n (1982), w orking  on  n e u tro p h il leukocy tes, fo u n d  
that these  cells do  n o t a d h e re  to  co llagen -coa ted  glass ye t they  m ove actively  in 
a f ib r il la r  m a tr ix  o f  c o lla g e n . L a c k ie  (1 9 8 6 ) s u p p o r te d  th e  id e a  t h a t  th e s e  
p ro je c tio n s  a n c h o r  th e  ce lls  to  th e i r  s u b s tr a tu m  a n d  s u g g e s te d  th a t  th e i r  
p r e s e n c e  is e n o u g h  to  a llo w  c e ll  m o v e m e n t  w i th o u t  th e  n e e d  f o r  f u r t h e r  
adhesion to  th e  su b stra ta , as th a t could  only resu lt in cell im m obilisa tion .
T he basal cells o f th e  chick b las to d e rm  edge i.e. th o se  in co n ta c t w ith  th e  
v ite llin e  m e m b ra n e  w e re  fo u n d  to  s e n d  m ic ro v illo u s  p ro je c t io n s  in to  th e  
m em b ran e . T h e  e x te n s io n  o f  th e se  p ro je c tio n s  in to  th e  v ite llin e  m e m b ra n e  
may here  also b e  im p o rta n t fo r th e  m o v em en t o f th ese  cells as th ey  m ay ac t as 
m echanical an cho rages  w hich allow  th e  fo rw ard  m o v em en t o f cells a n d  th u s  th e  
w h o le  e d g e . In  a d d i t io n ,  th e s e  a n c h o r a g e  p o in ts  s e e m  l ik e ly  to  p la y  a n  
i m p o r ta n t  r o le  in  r e s i s t i n g  th e  i n c r e a s i n g  t e n s i o n  o n  t h e s e  c e l l s  a s  t h e  
b lastoderm  expands, an d  thus p rev en tin g  th e  d e ta c h m e n t o f th e  ed g e  cells from  
the vitelline m em b ran e .
E v id e n c e  fo r  th e  a b o v e  c o n c lu s io n s  c o m e s  f ro m  th e  o b s e rv a t io n  th a t  
a lthough  th e se  p ro je c tio n s  a re  fo u n d  a t  all s tag es  o f  d e v e lo p m e n t th e r e  a re  
how ever d ifferences in th e ir  size an d  d ep th , b e tw een  stage  3 an d  th e  stages th a t  
fo llow ; th e y  a r e  m o re  p r o m in e n t  a n d  p e n e t r a t e  d e e p e r  in to  th e  v i te l l in e  
m em brane during  th e  la te r  stages o f d e v e lo p m en t (stage  6 u p w ard s) w hen  b o th  
the ra te  a t w hich th e  edge  m oves an d  ten sio n  in th e  b la s to d e rm  in crease .
Another point worth mentioning about these projections is that they are 
mostly sent by the cells of the distal area and mid-part of the edge while they
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are less f re q u e n t in th e  p roxim al a rea . T h e  significance w hich th is d iffe rence  in 
th e  d i s t r ib u t io n  o f  s u c h  p r o je c t io n s  m ay  b e a r  o n  e d g e  m o v e m e n t  is n o t  
com ple te ly  c le a r  b u t it co u ld  b e  re la te d  to  th e  d e g re e  by w h ich  th e  d if fe re n t 
parts o f the  edge co n trib u te  to  its m ovem en t.
It is n o t c lear w h e th e r  th ese  p ro jec tions  a re  specific to  th e  edge cells o r  to  
the vitelline m em b ran e  i.e. w ould  o th e r  kinds o f cells on  this su b s tra te  also  send  
projections in to  th e  v itelline m e m b ran e  gaps?  A lthough  C h e rn o ff  a n d  O v erto n  
(1977) cu ltu red  em bryon ic  chick skin ep ithe lia l cells on  th e  v itelline m em b ran e , 
they did no t m en tio n  if such cells ex ten d ed  any p ro jec tio n s  in to  th e  m em b ran e . 
It is also no t c lear w h e th e r  th ese  an ch o rag e  po in ts  a re  o f th e  n o n -adhesive  k ind 
found by H asto n  et. al. (1982) an d  B row n (1982).
3.43 Changes in the dim ensions o f ectodermal cells:
T h e  e c to d e rm a l cells  w e re  fo u n d  to  ch a n g e  th e ir  h e ig h t as w ell as w id th  
with the  p rogress o f d ev e lo p m en t. T h e  he igh t o f th ese  cells a t  stage  3 w as 9-11 
yum. This th en  con tinues to  d e c rease  steadily  until it reach es  2-3Aim a t s tage  16.
T he  w idth  o f th ese  cells follow  an  o p p o site  p a tte rn  to  th e  heigh t. T h e se  
cells a re  very n a rro w  (8yum) a t stage  3. T h e re  is th en  a steady  in crease  in th e ir  
width until it reach es  a b o u t 22^im  a t stage  16.
T h is  d e c re a s e  in  h e ig h t  a n d  in c re a s e  in  w id th  o f  th e  e c to d e rm a l  c e lls  
su p p o rts  th e  su g g estio n  th a t  th e  b la s to d e rm  is u n d e r  c o n tin u o u s  m e c h a n ic a l 
stress due to  th e  ten sio n  w hich is g e n e ra te d  by th e  cen trifugal m ig ra tio n  o f  th e  
edge cells (N ew , 1959; B e lla irs , 1963; B e lla irs  et. a l , 1967 a n d  D o w n ie , 1976). 
As the tension  increases, th e  ec to d e rm a l cells s tre tch  to  p re v e n t th e  b rea k d o w n  
of the b lastoderm . T his s tre tch ing  is partly  responsib le  fo r th e  n o ticed  in c rease  
in th e ir  w id th  a n d  d e c re a s e  in th e ir  h e ig h t; th e  o th e r  c a u se  fo r  su ch  c h a n g e s  
cou ld  b e  a c tiv e  s h a p e  c h a n g e s  by  th e  ce lls , s in c e  th e s e  c e lls  w e re  fo u n d  to  
r e t a in  t h e i r  o r g a n i s a t i o n  e v e n  a f t e r  b e in g  e x c is e d  f r o m  t h e  r e s t  o f  t h e  
b lastoderm  i.e. w hen  they  a re  re laxed  from  th e  ten sio n  (D ow nie , 1976).
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3-5.4 Intercellular contacts within the edge:
3.5.4.1 D esm osom es:
D e sm o so m e s  o r  z o n u la  a d h e re n s  ( F a rq u h a r  a n d  P a la d e , 1963) fo rm  on  
the  p lasm a  m e m b ra n e  o f  a d ja c e n t e p ith e lia l  cells a n d  p lay  im p o r ta n t  ro le s  in 
cell adhesion  an d  m ain ta in ing  th e  s tru c tu ra l an d  functional in te rac tio n  o f th ese  
cells ( O verton , 1973; C ow in et. al. , 1985; K olega, 1986 an d  P a sd a r  an d  N elson, 
1989). In  e p i th e l ia l  t is s u e , d e s m o s o m e s  u su a lly  ru n  p ro x im a l  to  th e  t ig h t  
ju n c tio n  a t th e  a p ic a l e n d  o f  th e  a d ja c e n t cells a n d  a re  th o u g h t to  s tre n g th e n  
cell a ttach m en t a t th a t  a re a  ( S te in b erg  et. al., 1987). T h ese  d esm o so m es have 
a lso  b e e n  im p l ic a te d  in  m a in ta in in g  t is s u e  c o h e s io n  d u r in g  m e c h a n ic a l  
s tre tch ing  ( M c N u tt et. al. , 1971; L ack ie , 1986; a n d  B o y er et. al., 1989). I t  h as  
b e e n  su g g e s te d  (S ta e h e l in ,  1974) th a t  d e s m o s o m e s  s e rv e  as " b u tto n - l ik e  
connecto rs", th ro u g h  th e ir  a t ta c h e d  to n o fila m e n ts , b e tw e e n  th e  c y to sk e le ta l 
e lem en ts  o f in d iv id u a l cells in a  tissu e , th u s  d is tr ib u tin g  th e  m e c h a n ic a l s tre ss  
on o n e  c e ll to  th e  w h o le  t is s u e ,  p r e v e n t in g  e x c e s s iv e  d e f o r m a t io n  o f  c e ll  
m em branes u n d e r such stress.
D ow nie an d  P eg ru m  (1971) s tud ied  th e  u ltra s tru c tu re  o f th e  lead ing  edge 
cells o f the  chick em bryo  a fte r  on e  day o f in cuba tion  an d  re p o r te d  th e  p re se n c e  
o f  c o n ta c t  s p e c i a l i s a t i o n s  b e tw e e n  th e s e  c e l l s  b u t  n o t  in  t h e  s h a p e  o f  
desm osom es. T h e  re su lts  fro m  th e  c u rre n t  study  sh o w ed  th a t  th ro u g h o u t  th e  
stages o f d e v e lo p m e n t s tu d ie d  d e sm o so m es  w e re  a c o m m o n  f e a tu re  b e tw e e n  
the  p rox im al cells as w ell as b e tw e e n  so m e o f  th e  cells o f  th e  m id -p a r t  o f  th e  
edge. As the  cells o f  th ese  tw o a re a s  a re  th e  n e a re s t to  th e  e c to d e rm a l p a r t  o f 
the b lastoderm , w hich is u n d e r  ten s io n  caused  by th e  cen trifuga l m o v em e n t o f 
the  edge, it is fea s ib le  th a t  th e s e  d e sm o so m e s  d e v e lo p  b e tw e e n  th e s e  ce lls  to  
resist the  m oun ting  sh earin g  fo rce  caused  by such ten sio n  an d  to  m ain ta in  th e  
stability o f the  edge as a  w hole.
After the second day of incubation (stage 11 upwards), desmosomes were 
restricted to the proximal edge cells and their immediate neighbours from the
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m id-part o f th e  ed g e . T h e  re m a in in g  m id -p a rt cells w e re  c o n n e c te d  by sm all 
areas o f tigh t junctions. T his change in ju n c tio n  p a tte rn  a t th e  la te  stages m ay 
be an ind ication  th a t th e  cells o f this a re a  a re  less a d h e re n t to  each  o th e r  th an  
at th e  e a r l ie r  s ta g e s . T h e  s ig n if ic a n c e  o f  th is  w ill b e  d isc u s s e d , in  th e  n e x t 
chapter, in re la tio n  to  re c ru itm e n t o f cells in to  th e  edge.
3.5.4.2 Tight junctions:
T igh t ju n c tio n s  o r  z o n u la  o c c lu d e n s  ( F a rq u h a r  a n d  P a la d e , 1963 ) a re  
located a t th e  ap ica l en d  o f  th e  cells o f th e  v e rte b ra te  ep ith e lia l sh e e t an d  fo rm  
a selective pe rm eab ility  b a rr ie r  to  p rev e n t th e  passage  o f m a te ria l from  o n e  cell 
to a n o th e r and  a t th e  sam e  tim e seal th e  in te rce llu la r space  from  th e  ex te rn a l 
environm ent (K elle r an d  T rinkaus, 1987 an d  S te inberg  et. a l ,  1987). H u ll an d  
S ta e h e lin  (1 9 7 6 ) r e p o r t e d  th a t  th e s e  ju n c t io n s  a r e  in d u c e d  by  in c re a s in g  
tension on cells o f th e  digestive tra c t o f Xenopus. T hey  a re  also  th o u g h t to  p lay  
a role in th e  m a in ten an ce  o f ce llu la r po larity  ( S ch n e e b erg e r  an d  Lynch, 1984).
In the  p re se n t w ork  po in ts  o f close co n tac t o r tigh t ju n c tio n s  w ere  found  
b e tw e e n  th e  c e lls  o f  a ll  a r e a s  o f  th e  e d g e . I t  s e e m s , h e r e  a ls o ,  t h a t  th e  
increasing  ten s io n  in th e  b la s to d e rm  m ay lea d  to  th e  d e v e lo p m e n t o f  th e se  
junctions b e tw een  th e  cells o f th e  edge to  resist such tension . H ow ever, w hile 
these  tigh t ju n c tio n s  m ay  b e  su ffic ien t to  o v e rc o m e  te n s io n  in th e  p e r ip h e ra l  
areas o f the  edge, they  m ay b e  in cap ab le  o f do ing  so on  th e ir  ow n in th e  m o re  
proxim al a reas  w ithou t th e  assis tance  o f m o re  pow erfu l ju n c tio n s  in th e  fo rm  o f 
desm osom es.
A ndries et. al. (1985), basing  th e ir  T E M  an d  freeze  f ra c tu re  o b se rv a tio n s  
on quail an d  ch ick  b la s to d e rm s , r e p o r te d  th a t  tig h t ju n c tio n s  b e tw e e n  e d g e  
cells a re  d is t r ib u te d  in  a  d is c o n tin u o u s  fa s h io n  a n d  s u g g e s te d  th a t  th e y  a r e  
leaky a n d  m ay  n o t  b e  fu n c t io n in g  as  a p e rm e a b i l i ty  b a r r i e r  to  p r e v e n t  th e  
passage o f m ate ria l from  on e  cell to  a n o th e r , b u t m ay play an  im p o rta n t ro le  in 
cell cohesion (R evel et. a l ,  1973; S taehe lin , 1974 an d  S tolinski et. a l ,  1981).T he
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results p re se n ted  in this c h a p te r  a re  in a g re e m e n t w ith th e ir  finding, n o t only a t 
the early stages th a t they  stud ied  b u t also a t th e  la te r  stages o f d ev e lo p m en t.
T h e  p r e s e n c e  o f  t ig h t  j u n c t i o n s  b e tw e e n  e p i t h e l i a l  c e l l s  d o e s  n o t  
necessarily  p re v e n t th e  in d iv id u a l cells fro m  sh ifting  th e ir  p o s itio n  re la tiv e  to  
each o ther. Y ee  (1972), w orking  on  ju n c tio n s  b e tw e en  h ep a to cy te s  du ring  th e  
r e g e n e ra t io n  o f  r a t  l iv e r , n o t ic e d  a n  in c re a s e  in  th e  n u m b e r  o f  th e s e  t ig h t  
junctions w hen  th e  cells w ere  p ro life ra tin g  o r actively m oving over each  o th er. 
Also, K eller an d  T rin k au s  (1987) re p o r te d  th a t th e  p re se n c e  o f  tigh t ju n c tio n s  
be tw een  th e  cells o f  th e  e n v e lo p in g  lay e r  o f  th e  F undulus  b la s to d e rm  d id  n o t 
prevent cellu lar re a r ra n g e m e n t in this layer. O u r  finding th a t  tigh t ju n c tio n s  a re  
d is t r ib u te d  b e tw e e n  th e  c e lls  o f  th e  le a d in g  e d g e  o f  th e  b l a s t o d e r m  m ay  
ind ica te  th a t  ev en  th o u g h  th e se  ju n c tio n s  p re v e n t th e  b re a k d o w n  o f  th e  ed g e  
u n d e r  te n s io n , th e y  m e a n w h ile  a llo w  fo r  th e  ce ll r e o r g a n is a t io n  w h ic h  w as 
fo u n d  to  t a k e  p l a c e  a r o u n d  t h e  s e c o n d  d a y  o f  i n c u b a t io n ,  w h e n  th e  
m ultilayered edge beco m es a bilayer.
3.5.4.3 G a p  junctions:
G ap  junctions  ( R evel a n d  K arnovsky, 1967) exist b e tw e en  o p p o se d  cell 
m em branes o f ne ighbou ring  cells. T hey  a re  believed  to  m ed ia te  a n d  reg u la te  
the tra n s fe r  o f  m e ta b o li te s  fro m  o n e  cell to  a n o th e r  a n d  to  p lay  a n  im p o r ta n t  
role in in te rce llu la r com m un ica tion  ( G o o d en o u g h  an d  R evel, 1970; R eve l et. 
al., 1973, P e d e rs o n  et. a l ,  1980; G ilu la , 1980; F in b o w  a n d  P it ts ,  1981 a n d  
C aveney ,1985). D e s tru c t io n  o f  g a p  ju n c tio n  fu n c tio n  by a n tib o d ie s  to  th e ir  
p ro te in s  in h ib i te d  c e llu la r  c o m m u n ic a t io n  in  b o th  a m p h ib ia n  a n d  m o u se  
embryos (W a rn e r  et. al., 1984 an d  W arn e r, 1987 respectively  ). It has also  b e e n  
suggested (G ab b ian i et. al., 1978) th a t th ese  ju n c tio n s  p lay  an  im p o rta n t ro le  in 
synchron isation  o f  m o v e m e n t o f  in d iv id u a l cells d u rin g  w o u n d  h e a lin g  in r a t  
skin.
Despite the m ounting evidence of the im portance of gap junctions in 
developm ent, th e ir  p re se n c e  does no t seem  to be always re q u ire d  for
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i n t e r c e l lu l a r  c o m m u n ic a t io n ,  f o r  i t  h a s  b e e n  r e p o r t e d  ( G o o d a l l  a n d  
Johnson, 1984) th a t gap  ju n c tio n s  w ere  ab sen t b e tw een  cells o f p re im p la n ta tio n  
m ouse em bryos. It is also im p o rta n t to  m en tio n  th a t a lthough  th ese  ju n c tio n s  
a re  im p l ic a te d  in  t h e  s y n c h r o n i s a t i o n  o f  m o v e m e n t  o f  e p i t h e l i a l  c e l l s ,  
M iddleton (1982) has show n th a t th ese  ju n c tio n s  w ere  a b sen t b e tw e en  actively 
m oving  r e t in a l  p ig m e n te d  e p i th e l ia l  c e lls  e v e n  th r e e  h o u rs  a f te r  c o llis io n  
betw een individual cells.
A n d rie s  et. al. (1985) r e p o r te d  th e  p re s e n c e  o f  v e ry  sm all a re a s  o f  g ap  
junctions b e tw een  th e  cells o f th e  m id -p a rt as well as th e  p rox im al a re a  o f th e  
leading edge b u t n o t b e tw e en  th e  ec to d e rm a l cells an d  re la te d  th e  p re se n c e  o f 
such  ju n c t io n s  to  d i f f e r e n c e s  in  c e ll  s h a p e  a n d  c y to s k e le ta l  o r g a n i s a t io n  
betw een the  tw o cell types. In sim ilar studies, A ndries  an d  V a k a e t (1985 a& b) 
showed the  p resen ce  o f g ap  ju n c tio n s  b e tw een  th e  cells o f th e  p rox im al a re a  o f 
th e  e d g e  a n d  s u g g e s t e d  t h a t  t h e s e  j u n c t i o n s  m ig h t  b e  in v o lv e d  in  
synchronisation o f m o v em en t o f th ese  cells to  achieve a rap id  ra te  o f m igra tion .
D esp ite  th e  carefu l exam ination  o f m any  seria l sections o f edge  cells a t all 
stages o f d e v e lo p m e n t a n d  in sp ite  o f  tre a tin g  th e se  cells w ith  T r ito n -X  100 I 
have  n o t  c o m e  a c ro s s  a n y  g a p  ju n c t io n s  a t  a n y  t im e . T h e  c a u s e  o f  th is  
d isagreem ent b e tw een  th e  findings o f th e  above a u th o rs  a n d  m ine  as fa r  as th e  
presence o f gap  ju n c tio n s  is co n cern ed  is n o t clear. W h at is n o t c lea r also  is th e  
difference in th e  loca tion  o f gap  ju n c tio n s  in th e  edge b e tw e en  th e  tw o p a p e rs  
described above: in th e  first A n d ries  et. al. (1985) found  th a t  th ese  ju n c tio n s  a re  
p resen t am o n g  p ro x im a l as w ell as m id -p a r t cells w hile  in  th e  se c o n d  A n d rie s  
and V akae t (1985 a& b ) re p o r te d  th e ir  p resen ce  m ainly b e tw e en  th e  p rox im al 
cells.
T he p re sen ce  o r  ab sen ce  o f gap  ju n c tio n s  b e tw e en  ed g e  cells n e e d s  m o re  
carefu l e x a m in a t io n  p e r h a p s  by  m ic ro in je c t io n  o f  f lu o r e s c e n t  dy e  to  s tu d y  
c o u p lin g  b e tw e e n  th e s e  c e lls  ( K a m  a n d  P i t t s ,  1 9 8 9 ), a  t e c h n iq u e  t h a t  I 
co n s id e red  b u t  w as n o t  a b le  to  a t t e m p t  th ro u g h  lac k  o f  f a c ili t ie s  a n d  t im e .
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Application of dye microinjection to study coupling between epithelial cells 
would be useful in the study of blastoderm expansion and in other examples of 
epithelial movement.
3.5.5 Other changes in the chick blastoderm edge:
3.5.5.1 C hanges in w id th  o f  th e  edge an d  th e  re la tive  n u m b er o f cells:
I f  w e lo o k  f i r s t  a t  c h a n g e s  in  th e  w id th  o f  th e  e d g e  a n d  th e  r e l a t iv e  
nu m b er o f cells occu p y in g  th a t  w id th  w e can  see  th e  tim in g  o f  th e s e  c h a n g es  
correlates w ell w ith  th e  changes in th e  ra te  o f  expansion  o f th e  b las to d e rm ; a t 
stage 3 (15 hours o f  in cu b a tio n ) th e  edge cells have ju s t a tta c h e d  to  th e  v itelline 
m em b ran e  a n d  s ta r te d  th e ir  c e n tr ifu g a l m ig ra tio n . T h e  r a te  o f  th is  m ig ra tio n  
was rep o rted  to  b e  200 jum /hr. in vivo and  169yum/ hr. in vitro (D ow nie , 1976). 
In addition, the  b la s to d e rm  th a t  th e  edge is pulling  is rela tively  very  sm all an d  it 
is th e re fo re  n o t n e c e ssa ry  fo r  th e  ed g e  a t  th is  s ta g e  to  h a v e  a  la rg e  n u m b e r  o f  
cells covering a w ide a re a  o f  th e  v itelline m em b ran e .
A t the  stages th a t  follow  a s teady  increase  in b o th  th e  w id th  a n d  rela tive  
num ber o f cells o f  th e  ed g e  w as o b se rv e d  a n d  a lth o u g h  th e r e  is n o  s ig n ifican t 
d if f e re n c e  in  w id th  b e tw e e n  th e  s ta g e  6 a n d  8 le a d in g  e d g e , a  s ig n i f ic a n t  
in c re a s e  in  th e  r e l a t iv e  n u m b e r  o f  c e lls  w as  r e c o r d e d .  A  f u r t h e r  h ig h ly  
significant d iffe rence  in b o th  th e  w id th  o f th e  edge an d  th e  n u m b e r  o f  its cells 
occurs a t s tag es  11 a n d  16. T h is  co in c id es  w ith  th e  tim e  a t  w h ich  th e  e d g e  is 
m oving a t  its f a s te s t  r a t e  (555y u m /h r. in vivo  a n d  285-384yum / h r . in vitro, 
D ow nie, 1976). I t  s e e m s , th e r e f o r e ,  th a t  th e  in c re a s e  in  th e  w id th  o f  th e  
leading ed g e  as w ell as th e  re la tiv e  n u m b e r  o f  its cells  is a ta c tic  d e v e lo p e d  by 
the chick b las to d e rm  to  o vercom e th e  increasing  ten sio n  w hich resu lts  fro m  th e  
pulling o f  an  in c re a s in g ly  la r g e r  b la s to d e rm  a n d  to  a c h ie v e  a f a s te r  r a t e  o f  
m igration to  co v e r as m u ch  as p o ss ib le  o f  th e  yolk  s p h e re  in th e  s h o r te s t  tim e  
p o ss ib le . I w ill r e t u r n  to  th is  p o in t  w h e n  d is c u s s in g  m o d e ls  o f  e p i th e l i a l  
m ovem ent in c h a p te r  8.
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3.5.5.2 C hanges in edge he igh t an d  cell s ize :
If w e now  tu rn  o u r  a t te n tio n  to  th e  re su lts  o f m e a su r in g  th e  size o f  ed g e  
cells an d  th e  h e ig h t o f  th e  ed g e  as a  w ho le , w e can  see  th a t  b o th  fa c to rs  seem  
here  a lso  to  se rv e  th e  co m m o n  p u rp o se  o f  c re a tin g  a p o w e rfu l m o tile  u n it as 
developm ent p rogresses.
T he  excep tionally  large  size o f edge cells and , th e re fo re , th e  h e igh t o f th e  
edge a t stage 3 a re  n o t an  ind ica tion  th a t th ese  cells a re  highly locom otive, b u t 
are due to  th e  large  yolk inclusions w ith in  th e  cells. T h ese  large  yolk  inclusions 
could, in fact, b e  on e  o f th e  rea so n s  fo r th e  slow m o v em en t o f th e  edge  a t  stage; 
they m ake th e  cells bu lky  an d  heavy w hich in tu rn  could  m ak e  th e ir  m o v em en t 
a ra th e r difficult one.
T h e re  is a d ro p  in b o th  th e  size o f  ed g e  cells a n d  th e  m e a n  h e ig h t o f  th e  
edge by stage 6 an d  8, p resu m ab ly  as a  resu lt o f  th e  usage o f  th e  yolk. A t s tage  
11, o r ju s t b e fo re  it, a h ighly  s ig n ifican t in c re a se  o ccu rs  in  b o th  th e  size  o f  th e  
cells an d  th e  h e ig h t o f  th e  ed g e . A s d iscu ssed  ab o v e , a  s ig n ifican t in c re a s e  in 
the num ber o f cells w as fo und  a t th is stage. It is possib le  th a t  in ad d itio n  to  th is 
increase, the  edge cells u n d e rg o  a  p h ase  o f rap id  grow th. T his g row th  cou ld  be  
one o f th e  fa c to rs  w h ich  c o n tr ib u te  to  th e  r a p id  c e n tr ifu g a l m ig ra tio n  o f  th e  
edge cells a t th is stage.
O n e  p e c u l i a r  a n d  r a t h e r  u n e x p e c te d  f in d in g  in  th e  r e s u l t s  w a s  th e  
statistically  s ig n ifican t d ro p  in b o th  th e  size o f  cells a n d  h e ig h t o f  th e  e d g e  a t 
stage 16, a lthough  it is know n th a t th e  ra te  o f b la s to d e rm  ex pansion  is g re a te s t 
at this stage. T h e  d ro p  in h e ig h t o f th e  edge a t this stage  m ay b e  a resu lt o f  th e  
d e c re a se  in  th e  h e ig h t  o f  its  in d iv id u a l ce lls  as  th e y  c o v e r  m o re  a r e a  o n  th e  
vitelline m e m b ra n e , as p ro v e d  by th e  s ig n ifican t in c re a se  in  th e  w id th  o f  th e  
edge a t this stage. H ow ever, it w as n o t possib le  to  p red ic t exactly  th e  cau se  o f 
the d ro p  in th e  size o f  th e  e d g e  cells a t  th is  s tag e . O n e  p o ss ib ility  is th a t  less 
yolk in c lu s io n s  in  th e s e  c e lls  c o u ld  le a d  to  c h a n g e s  in  ce ll s ize . T h e  o th e r  
possibility is th a t re c ru itm e n t o f sm alle r cells in to  th e  edge (see  c h a p te r  4) cou ld
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lead to a drop in the average size of the cells at this stage.
3.5.6 Deep layer cells:
D e e p  layer cells w ere  found  on  th e  basa l lam ina  o f th e  ec to d e rm a l p a r t  o f 
the b la s to d e rm  a t  all s tag es  o f  d e v e lo p m e n t s tu d ie d  ab o v e . I w ill d iscuss th e  
significance o f  th e ir  p re se n c e  fo r b las to d e rm  expansion  in th e  nex t ch a p te r.
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CHAPTER FOUR  
CELL RECRUITMENT INTO THE LEADING EDGE
4.1. INTRODUCTION:
T h e re  a re  tw o  in tr ig u in g  q u e s tio n s  w h ich  can  b e  a sk e d  a b o u t  ep ib o ly  in 
the early chick em bryo . T h e  first is how  cou ld  th e  b las to d e rm , w hich is a b o u t 4 
m m  in d ia m e te r  a t  th e  s ta r t  o f  in c u b a tio n , e n c o m p a ss  a  yo lk  s p h e re  w h ich  is 
about 4 cm  in d iam e te r. T o  answ er th is question , D ow nie  (1976) show ed  th a t 
th e re  is a c o n s id e ra b le  in c re a se  in  th e  o rig in a l v o lu m e  o f  th e  b la s to d e rm . By 
m easuring the  ra te  o f p ro life ra tio n  o f th e  b la s to d e rm  cells a t d iffe re n t s tages o f 
developm ent he  found  th a t  du ring  th e  early  stages o f ep ibo ly  th e  e p ib la s t cells, 
except those  o f th e  lead ing  edge, p ro life ra te  a t a  high ra te . T his p ro life ra tio n  is 
found  to  b e  a c c o m p a n ie d  by  g ro w th  o f  th e  d a u g h te r  ce lls , r e s u l t in g  in  th e  
required  increase  in th e  vo lum e o f th e  b las to d e rm . L a te r  in d ev e lo p m en t cell 
p ro liferation  b eco m es re s tr ic te d  to  a  sm all a re a  ad ja c e n t to  th e  lead ing  edge.
T he next very  in te res tin g  q u es tio n  is how  th e  sm all b a n d  o f lead ing  edge 
cells w hich en c irc le s  th e  v e ry  sm all b la s to d isc  a t th e  s ta r t  o f  in c u b a tio n  c a n  a t  
the sam e tim e  en c irc le  th e  b la s to d e rm  w h en  it is a b o u t  to  p a ss  th e  e q u a to r  o f  
the  yolk a f te r  2 to  2.5 days o f  in c u b a tio n . T h e re  a re  fo u r  p o ss ib le  a n sw e rs  to  
this question. T h e  first s tra ig h tfo rw ard  possib ility  w ould  b e  th a t  th e  ed g e  cells 
increase  th e ir  n u m b e r  by cell d iv ision . T h is , h o w ev er, w as ru le d  o u t s ince , as 
in d ic a te d  a b o v e , D o w n ie  (1 9 7 6 ), u s in g  m ito tic  in h ib i to r s  to  m e a s u r e  ce ll 
proliferation, fo u n d  th a t  th e re  is n o  cell division am o n g  th e  cells o f th e  lead ing  
edge.
The second possibility is that the original edge cells increase greatly in 
size. However, work in the previous chapter shows that although edge cells do 
change size, there is a considerable increase in their num ber as expansion 
proceeds.
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T h e  th ird  p o ssib ility  is th a t  cells a re  b e in g  re c ru ite d  in to  th e  ed g e  fro m  
th e  n e a rb y  e c to d e rm  i.e . t h a t  w h ic h  is in  d i re c t  c o n ta c t  w ith  th e  e d g e . T h e  
fou rth  possib ility  is th a t  cells a re  r e c ru ite d  in to  th e  ed g e  fro m  a so u rc e  o th e r  
than the  ec to d erm .
T he  w ork  d escrib ed  in this c h a p te r  w as designed  to  investiga te  th e  sou rce  
of the  in c reas in g  n u m b e r  o f  cells in th e  le a d in g  ed g e , fro m  e c to d e rm , o th e r  
sources, o r bo th .
4.2 Results:
4.2.1 Are the distal ectodermal cells incorporated into the edge?
a) Evidence from  u ltra s tru c tu re :
T ran sm iss io n  e le c tro n  m ic ro sco p y  w as u sed  h e re  to  e s ta b lish  w h e th e r  
d ifferences in th e  p a t te rn  o f  cell ju n c tio n s  ex ist b e tw e e n  th e  e c to d e rm a l  cells 
far from  th e  lead ing  ed g e  an d  th o se  im m edia te ly  ad ja c e n t to  it. In  o th e r  w ords, 
to  s e e  if  th e  j u n c t io n s  b e tw e e n  e c to d e r m a l  c e lls  in  c o n ta c t  w ith  th e  e d g e  
becom e w e a k e r  to  a llow  th e  tra n s lo c a tio n  o f  cells fro m  th e  e c to d e rm  to  th e  
edge.
E x a m in a tio n  o f  u l t r a th in  s e c t io n s  o f  th e  e c to d e rm a l  c e lls  w h ic h  a re  
located far from  th e  edge  rev ea led  th a t th e  p a tte rn  o f  ju n c tio n s  th ro u g h o u t th e  
stages o f d ev e lo p m en t s tud ied , stage  3 to  16 (H a m b u rg e r  a n d  H am ilto n , 1951), 
is the  sam e. T h e  cells a re  alw ays c o n n e c te d  by ty p ica l ju n c t io n a l  co m p le x es  
m ade  o f a p ic a l  t ig h t  ju n c t io n s  fo llo w e d  by  a n u m b e r  o f  d e s m o s o m e s  a n d  
interdigitations o f th e  p lasm a  m em b ran e s  o f ad ja c e n t cells (F igs 4 .1a).
W h e n  s e c t io n s  o f  th e  le a d in g  e d g e  a n d  th e i r  n e a r b y  e c to d e r m  w a s  
exam ined u n d e r  T E M , n o  c h a n g e  w as fo u n d  as fa r  as th e  p a t te r n  o f  ju n c tio n s  
betw een  e c to d e rm a l cells  is c o n c e rn e d . T h e  ju n c tio n s  b e tw e e n  th e  tw o  m o st 
distal e c to d e rm a l cells is id e n tic a l to  th e  ju n c tio n s  d e s c r ib e d  a b o v e  a n d  tig h t 
junctions and  d esm osom es p e rs is t even  b e tw e en  th e  d ista lm o st e c to d e rm a l cell 
and its ne ighbouring  p rox im al edge  cell (F ig.4.2.1b).
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b) E vidence from  edge cell collision e x p e rim en ts :
I c a r r ie d  o u t  e x p e r im e n ts  d e s ig n e d  to  s e e  if th e  c o n f r o n ta t io n  o f  tw o  
leading edges will allow  som e o f th e  e c to d e rm a l cells n e a r  th e  tw o edges to  get 
into con tac t w ith  th e  v ite lline  m em b ran e , thus ind icating  th a t, in th e  p re se n c e  
of the lead ing  edge, th e  n ea rb y  e c to d e rm a l cells will have th e  ability  to  a tta ch  to  
th e  v i te l l in e  m e m b r a n e  i .e . t h a t  th e y  s h a r e  a t  l e a s t  o n e  o f  th e  i m p o r ta n t  
p r o p e r t i e s  o f  l e a d in g  e d g e  c e l l s .  In  t h e s e  e x p e r i m e n t s ,  tw o  p i e c e s  o f  
b las to d e rm , e a c h  c o n ta in in g  a  lea d in g  ed g e  a n d  p a r t  o f  th e  e c to d e rm , w e re  
c u ltu re d  o n  th e  v i te l l in e  m e m b ra n e . T h e  le a d in g  e d g e  o f  e a c h  b la s to d e rm  
piece w as p o sitio n ed  so th a t  it w ould  m ig ra te  tow ards th e  o th e r  a n d  even tually  
collide w ith it.
T h e  logic b e h in d  th is  e x p e r im e n t w as th a t  o n c e  th e  e d g e s  h a v e  co llid ed , 
they c a n n o t m ove  fu r th e r ,  a n d  a d d itio n  o f  cells fro m  th e  d e e p  lay e r  c a n n o t 
m a k e  th e  c o m b in e d  e d g e s  a n y  w id e r  in  e x te n t .  H o w e v e r ,  a d d i t i o n  o f  
ectoderm al cells to  th e  com bined  edges could  m ak e  th e  dou b le  edge  un it w ider, 
so th a t th e  lo n g e r  th e  p e r io d  a f te r  co llision , th e  w id e r  th e  "edge" sh o u ld  b e , 
indicating th a t ec to d e rm a l cells have b e e n  rec ru ite d  in to  th e  edge.
T he cu ltu res w ere  fixed a fte r  2, 6, an d  24 hours from  th e  tim e o f  collision. 
T hey  w e re  th e n  p r o c e s s e d  in  th e  u s u a l  w ay  a n d  1 u m -th ic k  s e c t io n s  w e re  
exam ined u n d e r th e  light m icroscope. R esu lts  from  such ex p e rim en ts  show ed  
that even  six h o u rs  a f te r  th e  co llis ion  o f  th e  tw o ed g e s  th e  e c to d e rm a l  p a r t  o f  
the b la s to d e rm  is still e le v a te d  fro m  th e  v ite llin e  m e m b ra n e  a n d  n o n e  o f  th e  
ectoderm al cells lying im m ed ia te ly  n e a r  th e  edge have a tta c h e d  to  th e  v ite lline  
m em brane o r in te rm ing led  w ith th e  edge cells (F ig .4 .2 .a& b). T h e  edge  cells o f 
the two edges in te rm ing le  w ith each  o th e r  an d  som e p ro m in e n t lam ellae  from  
each o f th e  tw o p ie c e s  o f  b la s to d e rm  a re  now  o r ie n te d  c e n tr ip e ta lly  i.e . in  an  
opposite d irec tion  to  th e  m o v em en t o f th a t p a rticu la r  edge  b e fo re  its collision 
with the o th e r  edge.
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N o w id e n in g  o f  th e  e d g e  o c c u r r e d  e v e n  a f te r  24 h o u rs  o f  in c u b a t io n  
(Fig.4.2c). T h is  is h o w e v e r n o t a c o n s is te n t re su lt  s ince , in so m e  m an y  cases, 
the organ isation  o f th e  w hole  cu ltu red  edges co llapses an d  th e  cu ltu red  p ieces 
show a b e h a v io u r  s im ila r to  th a t  w h ich  re su lts  fro m  th e  c u ltu r in g  o f  p ie c e s  o f 
the b las toderm  on  th e  in n er  su rface  o f th e  v ite lline  m e m b ran e  (see  c h a p te r  6).
T hese  resu lts  strongly  suggest th a t th e  ec to d e rm a l cells a re  n o t rec ru ite d  
in the  leading edge.
4.2.2: Are non-ectodermal cells recruited into the blastoderm edge?
T he only obvious a lte rn a tiv e  sou rce  o f new  edge cells is th e  p o p u la tio n  o f 
distal deep  layer cells found  n e a r  th e  edge, an d  d escrib ed  briefly  in c h a p te r  3.
a) Evidence from  u ltra s tru c tu re :
T h e  d e e p  lay e r  cells  a t  s ta g e  3 a re  d ifficu lt to  d is tin g u ish  u n d e r  th e  ligh t 
m ic ro sc o p e  b e c a u s e  o f  th e  a m o u n t  o f  y o lk  a t ta c h e d  to  th e  b la s to d e rm , b u t  
under the  transm ission  e le c tro n  m icro scope  they  can  b e  fo u n d  in th e  vicinity o f 
the  lea d in g  e d g e  ly ing  o n  th e  b a s a l  la m in a  b o th  in  g ro u p s  a n d  as  in d iv id u a l  
cells. F ro m  s ta g e  6 o n w a rd s , th e s e  c e lls  c a n  b e  s e e n  d is t r ib u te d  m o s tly  as 
individuals.
U n d e r  th e  l ig h t  m ic r o s c o p e ,  th e  d e e p  la y e r  c e lls  s ta in  d a rk ly  w ith  
T olu id ine b lu e  a n d  th ey  a re  r a th e r  sm all. T h is  d is tin g u ish e s  th e m  fro m  th e  
attached  cells o f  th e  lead ing  edge, w hich a re  p a le r  sta in ing  an d  larger. In  m any  
sections th rough  b las to d e rm s a t stage  6 th ro u g h  to  s tage  16 th e  d e e p  layer cells 
get into d irec t c o n tac t w ith  th e  p rox im al p a r t  o f th e  lead ing  edge. In  fact, som e 
ven tra l cells o f th e  lea d in g  ed g e , b o th  in p ro x im a l a n d  m id  p a r ts  o f  th e  ed g e , 
have an  a p p e a ra n c e  a n d  s ta in in g  c h a ra c te rs  id e n tic a l to  th e  d e e p  lay e r  cells 
(See below ).
T he d e e p  layer cells ex ten d  lead ing  lam ellae  tow ards th e  v en tra l su rface  
o f th e  le a d in g  e d g e  c e l l s .  F o r  e x a m p le ,  t h e  d e e p  l a y e r  c e l l s  o f  s t a g e  3
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blastoderm s possess lead ing  lam ellae  w hich com e in co n tac t w ith th e  su rface  o f 
the p rox im al a re a  o f  th e  ed g e  (F ig .4 .3 a ). S im ilarly , a t  s ta g e  6, d a rk ly  s ta in e d  
d e e p  la y e r  c e l ls  a r e  f o u n d  b o t h  o n  th e  b a s a l  s u r f a c e  o f  t h e  d i s t a lm o s t  
ectoderm al cells an d  on  th e  v en tra l su rface  o f som e cells o f th e  prox im al edge 
area (Fig.4.3 b& c an d  Fig. 4.4). T h ese  d e e p  layer cells seem  to  use th e  v en tra l 
s u r f a c e  o f  t h e  e d g e  c e l l s  a s  t h e i r  s u b s t r a t e  o n  w h ic h  th e y  e x te n d  t h e i r  
cen trifugally  o r ie n te d  la m e lla e . T h e s e  la m e lla e  m a k e  c lose  c o n ta c t  w ith  th e  
u n d e r ly in g  e d g e  c e ll  m e m b r a n e .  A t  th e s e  p o in ts  o f  c o n ta c t ,  t h e r e  is a 
c o n d e n s a t io n  o f  e l e c t r o n - d e n s e  m a t e r i a l  u n d e r  t h e  s u r f a c e  o f  t h e  c e l l  
m em branes o f th e  lam ella  an d  th e  edge  cell (Fig.4.5).
T h e  d e e p  la y e r  c e lls  a t  s ta g e  8 a p p e a r  s im ila r  to  th o s e  a t  th e  e a r l ie r  
stages; they  e x te n d  lea d in g  la m e lla e  w h ich  m ak e  p o in ts  o f  c lo se  c o n ta c t  w ith  
the  v e n tra l  s u r fa c e  o f  p ro x im a l e d g e  ce lls  { F ig .4 .6  (T E M )  a n d  F ig .4 .a & b  
(LM )}.
T h e  d e e p  l a y e r  c e l l s  c o n t i n u e  to  b e  p r e s e n t  a t  t h e  l a t e r  s t a g e s  o f  
d e v e lo p m e n t  a n d  e v e n  a t  s ta g e  11 a few  o f  th e s e  c e lls  c a n  s t i l l  b e  s e e n  
extending th e ir  dark ly  s ta in ed  lam ellae  on  th e  su rface  o f th e  lead ing  edge  cells 
(see F ig .3 .17b). In  fac t, d e e p  lay e r  cells c o n tin u e  to  b e  a d d e d  in to  th e  ed g e  
area even a t th e  very  la te  stages o f ep ibo ly  (S ee  c h a p te r  5).
b) Evidence from  edge re g e n e ra tio n  ex p e rim e n ts :
T h e  resu lts  o f  th e s e  e x p e rim e n ts , w h ich  p o in t to  d e e p  lay e r  cells  as th e  
source o f new  edge cells, will b e  p re se n te d  in c h a p te r  6.
4.23) Filming o f edge cell migration:
T he p u rp o se  o f  th is  p a r t  o f  th e  p re s e n t  w o rk  w as to  in v e s tig a te  w h e th e r  
rec ru itm en t o f new  cells  in to  th e  lea d in g  ed g e  co u ld  b e  o b se rv e d  d irec tly , by  
f ilm in g  l e a d in g  e d g e s  a t  e a r ly  s t a g e s  o f  e p ib o ly  u s in g  t i m e - l a p s e  
cinem icrography.
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Method:
S ta g e  3 b la s to d e rm s  w e re  re m o v e d  f ro m  th e  y o lk  a n d  as  m u c h  o f  th e  
a ttached  yolk as possib le  w as w ashed  off, w ithou t d istu rb ing  th e  a tta c h m e n t o f 
the edge to  the  v itelline m em b ran e . T h e  vitelline m em b ran e , w ith  th e  a tta c h e d  
edge, w as th e n  f la t te n e d  o n  a co v e rs lip  a n d  tra n s fe r re d  to  film ing  a c h a m b e r. 
This consists o f a  coverslip  th a t has b e e n  sea led  w ith  vaseline  to  a  cu ltu re  dish 
in which th e  c e n tre  is re m o v e d . A  few  d ro p s  o f  c u ltu re  m ed iu m  (H A M  F -12 ) 
w ere sp read  over th e  coverslip  an d  th e  v itelline m e m b ran e  w as p laced  so th a t it 
was sandw iched  b e tw e e n  th e  tw o covers lip s . T h e  c h a m b e r  w as th e n  se a le d  
and  ed g e  m o v e m e n t w as f ilm e d  u s in g  a W ild  M 2 0  m ic ro s c o p e , w ith  X  20 
objective, w ith a Bolex cine c a m e ra  an d  tim e-lapse  a p p a ra tu s .
B e c au se  a h igh  m ag n if ic a tio n  w as u se d  in o rd e r  to  se e  th e  n u c le i o f  th e  
edge cells, th e  ad v a n c in g  cells c o v e re d  th e  fie ld  o f  film ing  in  a  s h o r t  tim e  a n d  
needed  to  be  b ro u g h t back  to  th e  beg inn ing  o f th e  field  a t lea s t 3-4 tim es du ring  
the short tim e o f film ing ( 2-3 hou rs).
T h e  film s w e re  d e v e lo p e d  a n d  th e  m o v e m e n t o f  th e  n u c le i o f th e  e d g e  
cells was traced .
Results:
D e sp ite  th e  c a re fu l c le a n in g  o f  yo lk  o f  th e  b la s to d e rm  ed g e , it w as n o t 
possible to  exam ine th e  m o v em en t o f all th e  cells in th e  edge. T h e re fo re , only 
the m ovem ent o f th e  d istal cells w as tra c ed  by focusing on  th e  ad v an ce  o f th e ir  
nuclei. Fig.4.8 illu stra tes  th e  m o v em en t o f th ese  cells over a  p e rio d  o f  a b o u t 3 
h o u rs . I t  sh o w s  t h a t  d u r in g  th e  m ig r a t io n  o f  th e  e d g e  s o m e  c e lls  a p p e a r  
betw een th e  originally tra c e d  cells an d  co n tin u e  th e ir  m ig ra tion  w ith  th em . F o r  
example, in Fig.4.8a 2 cells a p p e a r  a fte r  1.5 h ou rs  o f  film ing an d  co n tin u e  th e ir  
m ovem ent b e tw e e n  th e  re s t  o f  th e  d is ta l cells. A lso  F ig .4 .8b  show s a n o th e r  2 
cells b ehav ing  s im ilarly  . T h e re  is an  in c re a se  o f  10%  in th e  d is ta n c e  b e tw e e n  
the two m ost p e rip h e ra l cells o f th e  edge a t th e  en d  o f  film ing in F ig  4.8a an d  a 
17%  i n c r e a s e  in  t h i s  d i s t a n c e  in  F ig  4 .8 b .
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O n th e  o th e r  hand , th e  resu lts  show ed th a t in som e cases cells w hich w ere  
traced  a t th e  b e g in n in g  o f  film ing  w e n t o u t o f  focus a n d  it w as n o t p o ss ib le  to  
tell fo r su re  th e ir  p o s itio n : so m e  o f  th e se , ho w ev er, r e a p p e a re d  a f te r  a  sh o rt 
time and  could  b e  fo llow ed again  .
T hese  resu lts  do  n o t give conclusive ev idence  fo r th e  rec ru itm e n t o f cells 
into th e  lea d in g  ed g e  since  th e  n ew  cells w h ich  a p p e a r  su d d e n ly  in th e  film s 
may have b e e n  o rig ina lly  th e re  b u t o u t o f  focus a t  th e  b e g in n in g  o f  film ing . 
H o w ev er, th e s e  r e s u l ts  d o  n o t  ru le  o u t  th e  p o ss ib ili ty  th a t  th e s e  ce lls  a re  
actually  new ly re c ru ite d  cells w hich  in te rc a la te  th em se lv e s  b e tw e e n  th e  d is ta l 
cells of the  lead ing  edge thus p rovid ing  th e  edge w ith ex tra  cells to  m ig ra te  in to  
a w id e r  a r e a  o v e r  th e  v i te l l in e  m e m b r a n e .  T h e  f a c t  t h a t ,  a s  e x p a n s io n  
proceeds, lead ing  edge cells m ove a p a r t  from  one  a n o th e r  (by 10-17%  in ab o u t 
3 hours) fu rth e r  suggests th a t cell in te rca la tio n  a t th e  lead ing  edge m ust occur.
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F ig .4 .1  a -  T E M  s h o w in g  ty p ic a l  j u n c t i o n a l  c o m p le x  b e tw e e n  th e  
e c to d e rm a l cells o f  th e  ch ick  b la s to d e rm . T h is  is c o m p o se d  o f  a n  ap ica l 
t ig h t  ju n c t io n  (T J ) ,  so m e  d e s m o s o m e s  (D )  a n d  in te r d ig i ta t io n s  o f  th e  
ce llu lar m em b ran e s  (a rro w h ead s) M icrovilli (m v) m ark  th e  ap ica l surface 
o f  th e  e c to d e rm a l cells w hile  b a sa l lam in a  (B L ) m a rk s  th e ir  b a sa l one. 
B a r=  1.7yum. X  10.3K.
F ig .4.1 b - T E M  show ing  th e  p e rs is te n c e  o f  ju n c tio n a l c o m p le x  b e tw een  
th e  e c to d e rm a l cells (E )  ev en  a t th e  p e r ip h e ry  o f  th e  le a d in g  e d g e  (Le). 
B a r=  1.78yum. X 9 .5 K .
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Fig.4.1 b
F ig .4.2- L ig h t m ic ro g ra p h  o f  th e  a re a  o f co llis ion  b e tw e e n  2 b la s to d e rm  
edges cu ltu red  on  th e  v itelline m em b ran e  (V ) fo r 2 h ou rs  (a), 6 h o u rs  (b) 
a n d  24 h ou rs  (c). T h e  e c to d e rm  (E ) does n o t com e in to  co n tac t w ith the 
v ite lline  m e m b ra n e  even  a fte r  24 hours, a lthough  it s ta rts  to  show  signs of 
d is o rg a n is a t io n . C =  a r e a  o f  c o llis io n  b e tw e e n  th e  2 e d g e s ;  D =  d e e p  
layer cells. B a r=  50 urn.
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Fig.4.2 b
Fig.4.2c
Fig.4 .3  a- T E M  show ing  th e  p re s e n c e  o f  a d a rk ly  s ta in e d  d e e p  lay e r  cell 
(D ) on  th e  p rox im al p a rt  o f  a stage 3 lead ing  edge (P L e). B a r=  2.8yUm. X 
5.76K.
F ig .4 .3  b - L igh t m ic ro g ra p h  o f a s ta g e  6 b la s to d e rm  ed g e . D e e p  layer 
ce lls  ( a r r o w h e a d s )  a re  o n  th e  b a s a l  s u r fa c e  o f  th e  e c to d e rm  ( E )  an d  
p ossib ly  o n e  o f  th e m  (m a rk e d  by a la rg e  a r ro w h e a d )  is m ak in g  c o n ta c t 
w ith  th e  lead ing  edge  cell. B a r=  25 urn.
Fig.4.3. C- A s (b ) show ing on e  o f th e  d e e p  layer cells (a rro w h e a d )  m aking 
co n ta c t w ith  th e  lead ing  edge. B a r=  25 lum.
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Fig.4.3 b
Fig .4 .4  a- L igh t m ic ro g ra p h  o f  a s ta g e  6 b la s to d e rm  show ing  so m e  d e e p  
lay e r cells (a r ro w h e a d s )  on  th e  b a sa l su rfa c e  o f  th e  e c to d e rm . T h e  cell 
m ark e d  by a sq u a re  is en la rg ed  in (b). B a r=  50 urn.
Fig.4.4 b- T E M  show ing th e  darkly  s ta ined  d e e p  layer cell (D ) m ark e d  in 
( a )  ly in g  o n  t h e  u p p e r  s u r f a c e  o f  a p r o x im a l  c e l l  ( P L )  o f  s ta g e  6 
b la s to d e rm  edge. B a r=  2/um . X  9.2K.
F ig .4 .4  c- L ig h t m ic ro g ra p h  o f  a  s ta g e  8 b la s to d e rm  e d g e  sh o w in g  two 
d e e p  layer cells (arro w h ead s) in the  vicinity o f  th e  edge  (a rro w s) w hile the 
th ird  ( la rg e  a r r o w h e a d )  is in  d i re c t  c o n ta c t  w ith  th e  le a d in g  e d g e  (see  
Fig.4.5). B a r=  25yum.
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Fig.4.4 b
Fig.4.4 c
F ig .4 .5  a -  L o w  m a g n i f i c a t i o n  T E M  o f  t h e  c e ll  m a r k e d  b y  a l a r g e  
a r ro w h e a d  in  F ig .4 .4c. H e r e ,  th e  ce ll (D )  se n d s  le a d in g  la m e lla e  (L ) 
w hich m akes co n tac t w ith th e  cells o f th e  edge. A n o th e r  d e e p  layer cell is 
on  th e  n ea rb y  e c to d e rm  (E ). B a r=  2 .8 jam. X  5.4K.
F ig .4 .5  b - T E M  show ing  th e  la m e lla e  (L ) fro m  th e  d e e p  lay e r  in  (a )  at 
p o in t o f c o n tac t w ith th e  lead ing  edge cell (L e). T h e re  is a  co ndensa tion  
o f  e le c t r o n  d e n s e  m a te r ia l  a t  th e  p o in t  o f  c o n ta c t .  B a r =  0 .3 6 /iim . X 
43.4K.
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F ig .4 .6  a - T E M  o f  s ta g e  8 b l a s to d e r m  e d g e  ( L e )  s h o w in g  a g a in  th e  
p re s e n c e  o f  a  d e e p  la y e r  ce ll (D )  m a k in g  c o n ta c t  th ro u g h  its  le a d in g  
lam ellae  (L ) w ith som e lead ing  edge cells (L e). B a r=  2.8 urn. X  6.67K.
Fig.4.6 b- T E M  o f th e  lead ing  lam ella  (L ) o f th e  cells in (a )  show ing points 
o f close co n tac t (arro w h ead s) b e tw een  it an d  th e  u p p e r  su rface  o f one  of 
th e  lead ing  edge  cells (L e). B a r=  1.21 yum. X  15.6K.
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Fig .4 .7  a- L ig h t m ic ro g ra p h  o f a s tag e -8  b la s to d e rm  a t  th e  le a d in g  edge 
site (L e). N o tice  th e  s tream  o f d eep  layer cells (D ) on  th e  e c to d e rm  (E ). 
B a r=  50jum .
Fig .4 .7  b- L ig h t m ic ro g ra p h  o f a s tag e  b la s to d e rm  show ing  a d e e p  layer 
cell (a rro w ) m ak in g  c o n ta c t w ith  th e  lea d in g  ed g e  w h ile  o th e rs  (a r ro w ­
head s) a re  nearby . B a r=  25 um .
F ig .4 .7  c- L ig h t m ic ro g ra p h  o f  a n o th e r  s ta g e  8 b la s to d e rm  sh o w in g  a 
d a rk ly  s ta in e d  d e e p  la y e r  c e ll  ( a r r o w )  s p r e a d in g  i ts  l a m e l l a e  o n  th e  
lead ing  edge. B a r=  25 yum.
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F ig .4.8- T ra c in g  o f th e  m o v em e n ts  o f d ista l ed g e  cells  fo llo w ed  by tim e 
- la p se  c in e m ic ro g ra p h y . E a c h  p o in t  r e p r e s e n ts  th e  m id  p o in t  o f  th e  
nucleus o f  a d istal edge  cell a t in tervals o f 10 m inu tes. B a r=  50yum.
a )  N o t ic e  th e  a p p e a r a n c e  o f  2 n e w  c e lls  ( a s t e r s )  a s  e x p a n s io n  
p ro g re sse s . T w o o th e r  cells (a rro w s) b e c a m e  o u t o f  focus a n d  w e re  no t 
traced . O ver 2 hours, th e  m ean  d istance  a p a r t  o f th e  m o st p rox im al cells 
increases  by 10% .
b ) In  this o th e r  g ro u p  o f edge cells, again  th e re  is an  a p p e a ra n c e  of 
new  cells (a s te rs )  b e tw e e n  th e  in itia lly  tra c e d  cells. T h e  cells  m a rk e d  by 
arrow s d isa p p e a re d  a fte r  ab o u t an  h o u r an d  w ere  back  in focus a f te r  half 
an  h o u r. O v e r 3 h o u rs , th e  m e a n  d is ta n c e  a p a r t  o f  m o s t p ro x im a l cells 
increases by 17% .
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DISCUSSION
C h a p te r  3 sh o w ed  th a t  th e re  is a  s te a d y  in c re a se  in  th e  n u m b e r  o f  ed g e  
c e lls  a s  e x p a n s i o n  o f  t h e  b l a s t o d e r m  p r o c e e d s .  P r e v io u s  w o r k  o n  t h e  
b lastoderm  ed g e  has  fo u n d  no  ev idence  th a t  th e  edge cells u n d e rg o  cell division 
to  in c r e a s e  t h e i r  n u m b e r  a s  th e y  c o v e r  a n  in c r e a s in g ly  l a r g e r  a r e a  o f  th e  
vitelline m e m b ra n e  (D ow nie, 1976).
T h e  id e a  th a t  th e  m o st d is ta l e c to d e rm a l cells m ay  b e  in c o rp o ra te d  in to  
the edge  se em s log ica l b u t  se v e ra l o b se rv a tio n s  a rg u e  a g a in s t th a t  possib ility . 
F irst, a lth o u g h  a la rg e  n u m b e r  o f  m icrov illi e x te n d  fro m  th e  a p ic a l s u rfa c e  o f 
the e c to d e rm a l cells  in to  th e  su b -b la s to d e rm ic  sp a ce , th e se  m icrov illi n e v e r  
touch the  v ite lline  m em b ran e  an d  I found  no  ev idence  o f th e  e c to d e rm a l cells, 
even the  m ost d istal ones, send ing  p ro jec tions  dow n to  th e  v ite lline  m e m b ran e . 
S econd ly , as  d e s c r ib e d  in  c h a p te r  3, th e r e  a r e  u l t r a s t r u c tu r a l  d if f e re n c e s  
betw een edge  a n d  ec to d e rm a l cells w hich m ake  it unlikely th a t  th e  la t te r  cou ld  
becom e n o rm al ed g e  cells.
Thirdly, if th e  ec to d e rm a l cells w ere  to  b e  in co rp o ra te d  in to  th e  edge, on e  
w ould ex p e c t a  c h a n g e  in th e  ty p e  o f  ju n c tio n s  w hich  c o n n e c t th e  e c to d e rm a l  
cells, p robab ly  to  w e a k e r connections  n e a re r  to  th e  edge . H ow ever, I fo u n d  no  
d iffe rences in th e  d is tr ib u tio n  a n d  ty p e  o f  ju n c tio n s  b e tw e e n  th e  e c to d e rm a l  
cells lo c a te d  f a r  f ro m  th e  e d g e  a n d  th o s e  in  c o n ta c t  w ith  i t .  J u n c t io n a l  
c o m p le x e s  w h ic h  c o n s i s t  o f  a p ic a l  t ig h t  j u n c t i o n s ,  d e s m o s o m e s  a n d  
in te rd ig ita tio n s  o f  th e  c e llu la r  m e m b ra n e s  p e rs is t  b e tw e e n  all th e  e c to d e rm  
cells an d  ev en  b e tw e e n  th e  d is ta lm o s t e c to d e rm a l cell a n d  its n e ig h b o u rin g  
proximal edge cell.
A n o th e r  p o in t suggesting  th a t rec ru itm e n t o f th e  e c to d e rm a l cells in to  th e  
edge is u n lik e ly  is th e  fa c t  t h a t  th e  w h o le  b la s to d e rm  is c o n tin u o u s ly  u n d e r  
tension as it expands over th e  yolk (N ew , 1959; B ellairs 1963; D ow nie , 1967
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and K u c e ra  a n d  M o n n e t-T sc h u d i, 1987). A ny d is tu rb a n c e s  in th e  ju n c tio n s  
w hich  s tro n g ly  a d h e r e  th e  e c to d e rm a l  ce lls  to  e a c h  o th e r  c o u ld  le a d  to  th e  
b r e a k d o w n  o f  th e  b la s to d e r m ,  a  s i tu a t io n  w h ic h  n e v e r  o c c u rs  in  n o r m a l  
developm ent.
F inally , th e  co llis ion  e x p e rim e n ts  d e sc r ib e d  a b o v e  h av e  in d ic a te d  th a t  
even w hen  th e  b la s to d e rm  is re laxed  th e  ec to d e rm  does n o t m ak e  c o n tac t w ith 
the v itelline m e m b ra n e  b u t rem ains  e leva ted  from  it. F u r th e rm o re , even  u n d e r 
these  e x p e r im e n ta l  co n d itio n s , I hav e  n o t b e e n  a b le  to  find  any  e x te n s io n s  o f 
lam ellae from  th e  d ista lm ost ec to d e rm a l cells on  to  th e  v itelline m em b ran e .
T h e  p re s e n t  w o rk  p re s e n ts  an  a lte rn a tiv e  a n d  highly  p o ss ib le  so u rc e  fo r 
the cells n e e d e d  to  in crease  th e  n u m b ers  in th e  b las to d e rm  edge. T his sou rce  is 
th e  d e e p  la y e r  ce lls  w h ich  a r e  p r e s e n t  o n  th e  b a s a l  la m in a  o f  th e  e c to d e rm  
prox im al to  th e  lea d in g  ed g e . I h av e  b o th  u ltra s tru c tu ra l  a n d  e x p e r im e n ta l  
evidence fo r d e e p  layer cell in co rp o ra tio n  in to  th e  edge.
L ig h t m ic ro sc o p y  r e v e a le d  th a t  th e  d e e p  la y e r  ce lls  a r e  p r e s e n t  a t  a ll 
stages on  th e  b a sa l  su rfa c e  o f th e  e c to d e rm a l cells a n d  th a t  th e re  a re  alw ays 
som e o f th e m  in c o n ta c t  w ith  th e  lea d in g  ed g e . It w as a c tu a lly  p o ss ib le  to  see  
that no t only w ere  som e o f th ese  cells in co n tac t w ith th e  edge, b u t som e w ere  
actually  in c o rp o ra te d  in to  th e  ed g e  a n d  lay on  th e  v e n tra l  su rfa c e  o f th e  ed g e  
area as show n in Fig.4.7.
T ransm ission  e lec tro n  m icroscopy shows th a t th e  d e e p  layer cells ex tend  
long c e n trifu g a lly  o r ie n te d  a n d  d a rk ly  s ta in e d  lea d in g  la m e lla e  o n  th e  v e n tra l  
surface o f th e  p rox im al cells w h ere  they  m ak e  po in ts  o f close co n ta c t asso c ia ted  
w ith  c o n d e n s a t io n s  o f  e le c t r o n  d e n s e  m a te r i a l  u n d e r  th e  o p p o s in g  c e ll  
m em branes. T h e  co n tac t a re a s  a re  n ev er extensive b u t a re  always in th e  fo rm  
of points ra th e r  th a n  large  a reas.
It m ay b e  th a t  th e  less p ro n o u n ce d  p rese n c e  o f desm osom es b e tw e en  th e  
m id -part cells o f  th e  b la s to d e rm  ed g e , e sp ec ia lly  b e tw e e n  th o se  a t  its v e n tra l
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su rfa c e , m a k e s  it p o s s ib le  fo r  th e  e d g e  ce lls  a t  th is  p a r t  o f  th e  e d g e  to  sh if t 
position  w ith  e a ch  o th e r  a n d , in th e  p ro ce ss , so m e  o f  th e  d e e p  lay e r cells m ay 
in c o rp o ra te  th e m s e lv e s  in to  th e  e d g e , le a d in g  to  th e  o b s e rv e d  in c re a s e  in 
num ber o f edge  cells.
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CHAPTER FIVE
END OF EPIBOLY 
5.1 Introduction:
A fte r  p a ssin g  th e  e q u a to r  o f  th e  yo lk  s p h e re , th e  ad v a n c in g  b la s to d e rm  
edge sta rts  m ak ing  its w ay tow ards th e  o th e r  e n d  o f th e  yolk, in an  a tte m p t to  
cover th e  re s t  o f  th e  sp h e re . A s it d o es  so it faces  a  m a jo r  p ro b le m . T h is  is: 
how could  th e  large  n u m b e r  o f edge  cells w hich su rro u n d  a  reg ion  o f  m axim um  
c i r c u m f e r e n c e  a r o u n d  t h e  e q u a t o r  o f  t h e  v i t e l l i n e  m e m b r a n e  b e  
accom m odated  in to  a  m uch  sm aller reg ion  as th e  expansion  co n tin u es  tow ards 
the o th e r  en d  o f  th e  egg? R e la te d  to  th is p ro b lem  is th e  task  o f  acco m m o d atin g  
th e  v e ry  la rg e  s u r f a c e  a r e a  o f  th e  e c to d e rm a l  p a r t  o f  th e  b la s to d e rm  in  th e  
increasingly sm alle r space .
This c h a p te r  investiga tes how  th e  chick b las to d e rm  goes a b o u t solving th e  
a b o v e  p r o b le m  b y  lo o k in g  a t  c h ic k  b l a s t o d e r m s  o l d e r  t h a n  2 .5  d a y s  o f  
in c u b a t io n  i .e . a f t e r  th e  s ta g e  a t  w h ic h  b l a s to d e r m  e x p a n s io n  p a s s e s  th e  
equator. T h e  only p rev ious investigations o f a  sim ilar p h e n o m e n o n  co n cern  th e  
en d  o f  e p ib o ly  in  t e l e o s t  e g g s . T h e  s t r a te g i e s  u s e d  by  t e l e o s t  a n d  a v ia n  
blastoderm s will b e  c o m p a red  in th e  D iscussion  to  this c h ap te r.
5.2 Methods:
T h re e  to  th ir te e n  day  o ld  b la s to d e rm s  w e re  re m o v e d  fro m  th e  egg  a n d  
the loosely  a t ta c h e d  yo lk  c le a n e d  o ff  a n d  th e  em b ry o s  fixed  in  th e  u su a l w ay 
(C hap ter 2). S om e o f th ese  b las to d e rm s w ere  p ro cessed  fo r S E M  ex am ination  
and o th e rs  fo r  e m b e d d in g  in A ra ld ite  re s in . W h e n  p o ss ib le  (se e  b e lo w ) 1 um  
thick to lu id ine  b lu e  s ta in ed  sections w ere  exam ined  u n d e r  th e  light m icroscope, 
and a re a s  o f  in te re s t  w e re  tr im m e d  a n d  p ro c e s se d  fo r  T E M  e x a m in a tio n . In 
addition, som e o f  th ese  b las to d e rm s w ere  tre a te d  w ith T rito n -X  100 (C h a p te r  2
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) in o r d e r  to  e x a m in e  ju n c t io n s  b e tw e e n  th e  ce lls  o f  d i f f e r e n t  a r e a s  o f  th e  
b lastoderm  a t th ese  la te  stages o f deve lopm en t.
I have also  a tte m p te d  using th e  silver n itra te  sta in ing  m eth o d  (C h a p te r  2 
) to  o u tlin e  ce ll b o u n d a r ie s  o f e d g e  a n d  n o n -e d g e  cells in o rd e r  to  see  if th e re  
are any changes in cell sh ap e  as th e  b las to d e rm  n ea rs  c losure.
5 3  R esults: 
53.1 Macroscopic observations: The formation o f folds:
T h e  fo llo w in g  m a c ro s c o p ic  d e s c r ip t io n  o f  th e  e v e n ts  th a t  t a k e  p la c e  
d u r in g  th e  e n d  o f  c h ic k  e p ib o ly  is b a s e d  o n  C a m e r a  L u c id a  d ra w in g s  o f  
b lastoderm s a t each  stage  o f d eve lopm en t.
5.3.1.1 S tage 18-24 (3  to  4 day o ld l b la s to d e rm s:
A fte r th e  lead ing  edge  has p assed  th e  e q u a to r  o f th e  yolk a u n iq u e  se t o f 
events s ta rts  to  tak e  p lace  in th e  b las to d e rm  edge. It s ta rts  w ith  th e  a p p e a ra n c e  
o f s e v e r a l  p o i n t s  a t  w h ic h  th e  l e a d in g  e d g e  c e l ls  s to p  t h e i r  c e n t r i f u g a l  
m o v e m e n t. T h e s e  p o in ts  a p p e a r  to  b e  d is t r ib u te d  a r o u n d  th e  e d g e  in  n o  
specific p a t te rn  a n d  th e ir  p o s itio n  d iffe rs  fro m  o n e  b la s to d e rm  to  a n o th e r  a t 
the sam e stage  o f d e v e lo p m en t (Fig.5.1 a& b).
W hile edge  cells s to p  m o v em en t a t th ese  fixed po in ts, th e  o th e r  edge  cells 
betw een th e  tw o po in ts  co n tin u e  th e ir  m igra tion . A s a resu lt, th e  b la s to d e rm  
edge changes from  a sm oo th  circle a ro u n d  th e  yolk above o r a t th e  level o f  th e  
e q u a to r  to  c r e s c e n t- s h a p e d  a r e a s  as it p a s se s  b e lo w  it. T h is  is a p p a r e n t  a t  
a round  3.5 days o f  in c u b a tio n , b u t  can  a lso  b e  se e n  sh o rtly  b e fo re  th e n  a n d  
even as early  as th e  3rd  day o f incubation  as, som etim es, th e  edge rea c h e s  th e  
e q u a to r  v e ry  e a r ly , g iv ing  a n  o p p o r tu n i ty  fo r  th e  e a r ly  a p p e a r a n c e  o f  th e  
stationary po in ts. It seem s to  m e th a t th ese  s ta tio n ary  po in ts  first a p p e a r  soon  
after th e  ed g e  p a sse s  th e  e q u a to r , ir re sp e c tiv e  o f  H a m b u rg e r  a n d  H a m ilto n  
(1951) stage o f  d e v e lo p m en t o r o f  th e  in cuba tion  tim e i.e. em bryos d iffer in th e
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s tag e /tim e  a t  w h ich  th e ir  e d g es  p ass  th e  e q u a to r , b u t  p assin g  th e  e q u a to r  is 
w hen th e  s ta tio n ary  a re a s  occur.
A s th e  m ov ing  ed g e  a d v a n ce s  fu r th e r , m o re  ed g e  cells n e ig h b o u rin g  th e  
s ta t io n a r y  p o in ts  a r e  a d d e d  to  s ta t io n a r y  r e g io n s  a n d  by  th e  4 th  d a y  o f  
incubation  th e  w hole  o f th e  b las to d e rm  edge b eco m es tra n sfo rm ed  in to  a series 
of U  o r V -sh ap ed  folds w h ere  th e  side lines a re  s treaks  o f s ta tio n ary  cells w hile 
the  b o tto m  c u rv e  is th e  ac tive ly  m ov ing  p a r t  (F ig .5 .1& 2). T h e  len g th  o f  so m e  
of th ese  s tre a k s  o f  s ta t io n a ry  cells  can  b e  in  excess o f  1 cm  a n d  th e ir  a v e ra g e  
width is 0.2 m m  (F ig .5 .2a).
A s a resu lt o f  th e  con tinuous pulling o f th e  b las to d e rm  by th e  advancing  
edge cells, th e  e c to d e rm  to  w hich th e  first (o ldest) s ta tio n ary  cells a re  a ttach in g  
folds over th em  c rea tin g  a cylinder-like s tru c tu re  a t th e  m ost p rox im al a re a  o f 
th e  s ta t io n a ry  s t r e a k . O n e  su c h  fo ld  h a s  b e e n  r e c o n s t r u c te d  f ro m  C a m e ra  
Lucida draw ings o f seria l sections an d  is show n in Fig.5.3.
I a t te m p te d  to  d o  so m e  q u a n ti ta t iv e  analysis o n  th e  w id th  a n d  le n g th  o f 
the  fo lds a t  th is  s ta g e  o f  d e v e lo p m e n t,a s  w ell as on  la te r  s tag es , b u t  w as fac e d  
with th e  p ro b le m  th a t th ese  folds a re  so v ariab le  th a t it w as im possib le  to  d raw  
a c lea r p ic tu re  w h ich  w o u ld  b e  re p re s e n ta tiv e  o f  th e m  a t  any  p a r t ic u la r  s tag e . 
In o th e r  w o rd s, a f te r  th e  ed g e  p a sse s  th e  e q u a to r  o f  th e  egg, o n e  w o u ld  find  
tha t w hile  so m e  o f  th e  fo ld s  a re  a t  a  very  a d v a n c e d  s tag e , o th e rs , in  th e  sa m e  
b las to d e rm , a re  ju s t  s ta r tin g  to  a p p e a r , lea d in g  to  th e  fo rm a tio n  o f  su b -fo ld s  
and giving som e o f  th e  fo lds a  W -sh ap ed  a p p e a ra n c e  (F igs.5 .1& 2). D u e  to  th is 
diversity in  th e  len g th  a n d  co m plex ity  o f  th e s e  fo ld s  a n d  to  th e  d iffe re n c e s  in 
the a re a  o f th e  v ite lline  m em b ran e  still to  b e  covered  by th e  b las to d e rm s  w ithin  
th e  s a m e  s ta g e  o f  d e v e lo p m e n t ,  I sh o w  in  th e  f ig u r e s  fo r  e a c h  s ta g e  o f  
developm ent draw ings tak e n  from  tw o d iffe ren t b las toderm s.
5-3.1.2 S ta ge 27-31 (5-1 day o ld l b la s to d e rm s :
T h e  g e n e ra l  a p p e a r a n c e  o f  b la s to d e rm s  is s im ila r to  th o se  a t  th e  e a r l ie r
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stages w ith re sp e c t to  th e  com plexity  an d  diversity  o f th e  sh ap e  o f th e  folds and  
the ex ten t o f th e  a re a  covered  by th e  b las to d e rm  (Figs.5.4,5.5 an d  5.6). Ju s t to  
ad d  to  th e  v a r ia b i l i ty  o f  th e  s y s te m , I f o u n d  t h a t  th e  a r e a  c o v e re d  by  th e  
b la s to d e rm s  a t  th e s e  s ta g e s  is less in  so m e  c ases  th a n  th a t  c o v e re d  by so m e  4 
day old b las to d e rm s (C o m p are  Fig.5.2a w ith  Fig.5.4, Fig.5.5 an d  Fig.5.6).
5.3.1.3 S tage  34-39 18-13 day o ld l b la s to d e rm s:
A gain , th e re  is no  specific p a tte rn  in th e  sh ap e  o r com plexity  o f th e  folds 
an d  th e  a r e a  c o v e re d  a t  th e s e  la te  s ta g e s . T h e  l a t t e r  is v a r ia b le  b e tw e e n  
b la s to d e rm s  o f  d if fe re n t as w ell as o f  th e  sa m e  s tag es  o f  d e v e lo p m e n t. F o r  
exam ple, w hile th e  8 day old  b las to d e rm  show n in F ig.5.7a has covered  all b u t a 
sm all a r e a  o f  th e  v i te l l in e  m e m b ra n e , th e  o th e r  8 d ay  b la s to d e rm  sh o w n  in 
Fig.5.7b has  still to  cover an  a re a  c o m p arab le  to  th a t  to  b e  covered  by th e  7 day 
old  b la s to d e rm  sh o w n  in F ig .5 .6b  a n d  e v e n  la rg e r  th a n  th a t  w h ic h  is to  b e  
covered by th e  4 day b la s to d e rm  show n in Fig.5.2a.
T h e  firs t tim e  I c a m e  a c ro ss  a  to ta l  c lo su re  o f  th e  b la s to d e rm  w as in  th e  
10 day  b la s to d e rm  sh o w n  in  F ig .5 .9b  w h e re  th e  le a d in g  e d g e  ce lls  f ro m  a ll 
d i r e c t io n s  m e e t  a n d  s e a l  t h e  r e m a in i n g  a r e a .  H o w e v e r ,  m a n y  10 d a y  
b la s to d e rm s  s u c h  a s  t h a t  sh o w n  in  F ig .5 .9 a  w e r e  s ti l l  n o w h e r e  n e a r  t o ta l  
c losure. T h is  s itu a tio n  a lso  a p p lie s  to  11 a n d  12 day  o ld  b la s to d e rm s , w h e re  
some have com ple te ly  en co m p assed  th e  yolk w hile o th e rs  still have som e a re a  
left to  cover (F ig.5.10 an d  Fig.5.11).
O n e  o b s e r v a t io n  w o r th  m e n t io n in g  h e r e  is t h a t  by  th e  1 2 th  d a y  o f  
incubation th e  b lo o d  vessels o f th e  expand ing  area vasculosa have re a c h e d  the  
p ro x im a l e d g e s  o f  th e  fo ld s  i .e . th e  p o in ts  w h e r e  th e  f i r s t  s t a t io n a r y  c e lls  
a p p e a r e d .  E v e n tu a l ly ,  by  th e  1 3 th  d a y  o f  in c u b a t io n ,  th e  area vasculosa  
su rrounds th e  w h o le  o f  th e  yolk , lea d in g  to  th e  c o m p le tio n  o f  th e  yo lk  sac. A t 
th ese  v e ry  la te  s ta g e s  th e r e  a r e  n o  t r a c e s  o f  th e  s ta t io n a r y  fo ld s  o r  o f  th e  
leading edge.
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53.2 Microscopic observations:
I h a v e  d iv id e d  th is  s e c tio n  in to  th r e e  b r o a d  s ta g e  g ro u p s  in  w h ic h  th e  
ap p e ara n ce  an d  b eh av io u r o f th e  d iffe ren t b las to d e rm  cells in each  g ro u p  seem  
to be sim ilar, a n d  also  on  th e  basis o f w h e th e r  o r n o t it w as feasib le  to  exam ine 
th e  b la s to d e rm s  o f  e a c h  g ro u p  u n d e r  lig h t, t ra n s m is s io n  a n d /o r  s c a n n in g  
e lectron  m icroscopes. T h e  first g ro u p  includes 3-4 day old  b las to d e rm s w hich 
w e re  e x a m in e d  u n d e r  a l l  t h e s e  m e th o d s .  T h e  s e c o n d  g r o u p  i n c lu d e s  
b lastoderm s w hich w ere  5-7 day old  an d  w hich w ere  exam ined  u n d e r  light an d  
scanning, b u t n o t tran sm ission  e lec tro n  m icroscopes. T h e  th ird  g ro u p  includes 
8-12 day b las to d e rm s w hich w ere  m ainly  exam ined  u n d e r th e  scann ing  e le c tro n  
m icroscope an d  occasionally  u n d e r  th e  light m icroscope. T h e  fac to rs  involved 
m re s tric tin g  th e  e x a m in a tio n  to  o n e  m ic ro sc o p e  o r  a n o th e r  w ill b e  d iscu ssed  
later.
5.3.2.1 S tage 18-24 (3  to  4 day  o ld l b la s to d e rm s :
Silver n itra te  sta in ing  o f 3 an d  4 day old b las to d e rm s show ed  th a t  th e  cells 
of those p a rts  o f  th e  b la s to d e rm  w hich fo rm  th e  ec to d e rm a l layer b e tw e en  each  
two s ta tionary  s treaks, i.e. th o se  in th e  U  o r V -sh ap ed  folds o f th e  b las to d e rm , 
a re  e lo n g a te d  w ith  th e i r  lo n g  ax is p a ra l le l  to  th e  d ire c t io n  o f  b la s to d e rm  
e x p a n s io n  ( F i g .5 .1 2 a  a n d  F i g .5 .1 3 a  ( S E M )  ). O n  t h e  o t h e r  h a n d ,  t h e  
ectoderm al cells w hich occupy a re a s  lo ca ted  som e d istance  from  th e  s ta tio n ary  
streaks h av e  a p o ly g o n a l sh a p e  (F ig . 5 .12b). In  so m e  long  s ta t io n a ry  s tre a k s , 
the ec to d e rm a l sh e e t w hich is a tta c h e d  to  th e  cells w hich have b e e n  s ta tio n ary  
the  lo n g e s t  fo ld  o v e r  th e m  fo rm in g  a  c y lin d e r- lik e  s t r u c tu r e  (F ig .5 .3  &  F ig . 
5.13b).
S o m e  4 d a y  o ld  b l a s t o d e r m s  w e r e  d e t a c h e d  f r o m  t h e i r  v i t e l l i n e  
m em b ran e  in o r d e r  to  s tu d y  th e  d o rsa l su rfa c e  o f  th e  s ta t io n a ry  cells  a n d  its 
re la tio n  to  th e  m e m b ra n e . S c an n in g  e le c tro n  m ic ro sco p y  re v e a le d  th a t  th e  
s ta t io n a ry  c e lls  fo rm  a  w av y  r a t h e r  t h a n  a  s m o o th  s h e e t  o n  th e  v i te l l in e
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m em b ran e  (F ig .5 .14a). T h e  a re a s  o f th e  v ite lline  m em b ran e  to  w hich sta tionary  
cells a ttach  w as found  to  b e  wavy o r w rink led  in th e  sam e way (Fig. 5.14b).
C lo ser ex am ination  o f th e  do rsa l su rface  o f th e  s ta tio n ary  cells u n d e r  th e  
scann ing  e le c tro n  m ic ro sc o p e  sh o w ed  th a t  th e  cells w h ich  a re  in  c o n ta c t  w ith  
the v itelline m em b ran e  possess sm all p ro jec tions  w hich m ak e  co n tac t w ith the  
vitelline m e m b ran e . T hey  also have long la te ra l p rocesses w hich m ak e  co n tac t 
with n e ighbou ring  s ta tio n ary  cells (Fig. 5.15a) an d  th e  v itelline m em b ran e . T h e  
a re a s  o n  th e  v i te l l in e  m e m b ra n e  to  w h ich  th e  s ta t io n a r y  ce lls  a t t a c h  se e m  
d is to rte d  a n d  g ap s  a re  a p p a re n t  in  th e  f ib ro u s  m esh w o rk  w h ich  m ak e s  u p  th e  
inner su rface  o f  th e  m em b ran e . T his con tras ts  w ith  th e  sm oo th  a p p e a ra n c e  o f 
the  m e m b ra n e  to  w h ich  n o  s ta tio n a ry  cells a re  a t ta c h e d  a n d  w h ich  a re  u se d  
only by th e  advancing  edge cells (Fig. 5.15b).
Sections cu t a t  righ t angles to  th e  a re a s  o f s ta tio n ary  s treak s  show ed  th a t 
they a re  2-3 cells d e e p  an d  a tta ch  from  b o th  sides to  th e  th in  sh e e t o f e c to d e rm  
(Fig. 5 .16a). T ra n sm iss io n  e le c tro n  m ic ro sco p y  re v e a le d  th a t  th e  s ta t io n a ry  
cells a re  c o n n e c te d  to  e a c h  o th e r  only  by d e sm o so m es  (F ig . 5 .16b ). N o  o th e r  
specialised ju n c tio n s  have  b e e n  d e te c te d . T h e  do rsa l su rface  o f th ese  cells w as 
found  to  se n d  fe e t- lik e  m ic rov illous  p ro je c tio n s  in to  th e  v ite llin e  m e m b ra n e  
(Fig. 5 .17a ). T h e s e  p ro b a b ly  c o rre s p o n d  to  th e  la rg e  n u m b e r  o f  p ro je c tio n s  
which a re  seen  above  u n d e r  th e  scann ing  e lec tro n  m icroscope.
D e n se  p la q u e s  (F ig . 5 .17b) h av e  b e e n  d e te c te d  o n  th e  d o rsa l su rfa c e  o f 
som e o f  th e  s ta t io n a ry  cells  w h ich  a re  in d ire c t  c o n ta c t  w ith  th e  s u b s tra tu m . 
These could  well b e  sites fo r focal co n tac t b e tw een  th ese  cells an d  th e  v ite lline  
m em brane, a  s itu a tio n  w hich is rare ly  e n c o u n te re d  in th e  actively m oving cells 
at the e a rlie r  stages o f  d ev e lo p m en t i.e. b e fo re  th ese  cells b eco m e  s ta tionary .
T he  m oving cells o f  th e  edge, on  th e  o th e r  hand , w ere  found  to  tra n sfo rm  
their o rig in a l o rg a n is a tio n  a t th e se  s tag es  to  b e in g  m ostly  o n e -c e ll d e e p , w ith  
the lead in g  la m e lla  o f  e a c h  cell u n d e r la p p in g  th e  cell lo c a te d  d is ta l to  it (F ig . 
5-18). T h e  w id th  o f th e  lead ing  edge  could  n o t b e  m ea su red  accu ra te ly  a t th ese
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la ter stages o f d e v e lo p m en t d u e  to  th e  con tinu ity  o f th e  m oving edge cells w ith 
the s ta tionary  s treak s  a t m any  po in ts  along  th e  c ircum ference , b u t I can  safely 
say th a t  it is in  ex c ess  o f  800yum . T h e  w id th  is c o n s id e ra b ly  la r g e r  in  o ld e r  
b lastoderm s.
T h e  d is ta lm o s t cells  a t ta c h  to  th e  v ite llin e  m e m b ra n e  v ia  b ro a d  lea d in g  
la m e lla e . S o m e  o f  th e s e  la m e lla e  e n d  in  th in  c y to p la s m ic  p ro c e s s e s  w h ich  
m a k e  c o n ta c t  w ith  b o th  th e  v i te l l in e  m e m b r a n e  a n d  o t h e r  n e ig h b o u r in g  
lam ellae (Fig. 5 .19a).
O ccasionally , som e o f  th e  d ista lm ost cells d e tach  from  th e  m ain  sh e e t o f 
the edge b o th  as individuals an d  as g roups an d  d isperse  on  th e  availab le  space  
of th e  v ite llin e  m e m b ra n e  (F ig .5 .1 8 a  a n d  5 .19b). T h is , h o w e v e r, w as fo u n d  in 
only a few  cases an d  is n o t th e  g en e ra l b eh av io u r o f th e  edge  cells since in m ost 
o f th e  b l a s to d e r m s  t h a t  I e x a m in e d  th e  m o n o la y e r  o f  e d g e  c e lls  fo rm s  a 
continuous sh e e t w ith o u t any  d e ta c h m e n t o f its d ista lm ost cells.
T ra n sm iss io n  e le c tro n  m ic ro sco p y  sho w ed  th a t  th e  p ro x im a l cells o f  th e  
ed g e  m a in ta in  th e  p r e s e n c e  o f  d e s m o s o m e s  b e tw e e n  th e m  ( F ig .5 .2 0 a ) . 
H ow ever, d e sm o so m e s  a re  a lm o s t c o m p le te ly  a b s e n t  b e tw e e n  th e  m o n o la y e r  
of cells o f th e  m oving edge  (Fig. 5.20b).
L ight an d  transm ission  e lec tro n  m icroscopy rev ea led  th e  a p p e a ra n c e  fo r 
the first tim e  o f cell d e a th  am ong  s ta tio n ary  cells. T h e  a p p e a ra n c e  o f cell d e a th  
does no t occur s im ultaneously  b u t in stages. It a p p e a rs  first am o n g  th e  o ldest 
stationary  cells i.e. th o se  w hich w ere  th e  first to  s to p  m oving (Fig. 5 .21a) b e fo re  
spreading distally  to  th e  y ounger s ta tio n ary  cells i.e. th o se  w hich s to p p e d  la te r  
(Fig. 5.21b).
T h e  in te r c e l lu la r  s p a c e s  b e tw e e n  th e  d y ing  s ta t io n a r y  e d g e  c e lls  a re  
invaded by long  lam ellae  from  th e  n ea rb y  ec to d e rm a l cells (Fig. 5 .22a).
O n e  o b s e r v a t io n  w h ic h  is w o r th  m e n t io n in g  a t  th is  s ta g e  is t h a t  th e
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e c to d e rm a l p a r t  o f  th e  b la s to d e rm  p ro x im a l to  th e  s ta t io n a ry  ed g e  z o n e s  is 
indirectly a d h e re n t to  th e  v ite lline  m em b ran e . This close associa tion  b e tw een  
the e c to d e rm  an d  th e  v itelline m em b ran e  is n o t due  to  th e  d irec t a tta c h m e n t o f 
th e  e c to d e r m a l  c e lls  to  th e  s u b s t r a tu m  b u t  is m e re ly  d u e  to  th e  u n u s u a l  
p re s e n c e  o f  a lb u m e n  b e tw e e n  th e  tw o  s t r u c tu r e s  (F ig . 5 .2 2 b ) . T h is  w ill b e  
discussed la te r.
5.3.2.2 S tage 27-31 {5 to  7 day  o ld l b la s to d e rm s:
T h e  only m ajo r d iffe rence  b e tw een  th e  lead ing  edge cells o f this an d  th e  
p rev ious s ta g e  is th e  e x te n t o f  cell d e a th . T h e  o ld e s t s ta t io n a ry  cells h a v e  by 
this stage com ple te ly  d isa p p e a re d  an d  th e  space  they  left b eh in d  is o ccup ied  by 
th e  lo n g  e c to d e rm a l  la m e lla e  (F ig . 5 .2 3 a ) . T h e s e  la m e lla e  n o t  o n ly  e x te n d  
through th e  sp ace  left by th e  edge cells an d  occupy it, b u t also  com e in to  d irec t 
contact w ith th e  v ite lline  m em b ran e  (Fig. 5.23b). T his b e h a v io u r o f e c to d e rm a l 
cells is in co n tra s t w ith  th e ir  b eh av io u r during  th e  early  stages o f  epiboly.
Cell d e a th  is a p p a re n t a t th is stage  even  am ong  th e  cells w hich lay m o re  
distally a lo n g  th e  s ta t io n a ry  s tr e a k  i.e. th o se  w h ich  a re  lo c a te d  n e a re r  to  th e  
moving p a r t  o f th e  orig inal lead ing  edge.
It is w o rth  m e n tio n in g  h e re  a lso  th a t  th e  b la s to d e rm  is v e ry  sticky  to  th e  
v ite llin e  m e m b r a n e  d u e  to  s u b b la s to d e rm ic  a lb u m e n . T h is  a lb u m e n  w as a 
resu lt o f  th e  r u p tu r e  o f  th e  v ite llin e  m e m b ra n e  in  th e  a re a s  p ro x im a l to  th e  
em bryo a t a b o u t th e  4 th  day o f  incubation  (R om anoff, 1960). T h e  th ickness o f 
th is  a lb u m e n ,  a s  w e ll  as  o f  t h a t  w h ic h  s u r r o u n d s  th e  o u t e r  s u r f a c e  o f  th e  
vitelline m e m b ra n e  m ak es it very  difficult to  ge t th in  sections fo r ex am in a tio n  
u n d e r  th e  t ra n s m is s io n  e le c tr o n  m ic ro s c o p e , a n d  e v e n  th o s e  c u t  fo r  l ig h t 
m icroscopy show  s h a tte r in g  m ark s  as th e  g lass kn ives go th ro u g h  th e  tissu e  
blocks. H o w e v e r , I t r ie d  s e p a ra tin g  so m e  o f  th e  a t ta c h e d  a lb u m e n  fro m  th e  
outer su rface  o f  th e  v ite lline  m em b ran e  b e fo re  fixing th e  specim ens b u t in m ost 
cases th a t led  to  th e  b reak in g  o f th e  m e m b ran e  an d  even  in th e  few  successful 
cases w h ere  no  d a m ag e  to  th e  v ite lline  m em b ran e  o ccu rred  it w as n o t possib le
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to cut th in  sections fo r T E M  b ecau se  o f th e  p e rs is ten ce  o f th e  su b b lasto d erm ic  
a lb u m en  w hich  so lid ifies  a f te r  fixa tion , p re v e n tin g  c o n s is te n t in f iltra tio n  o f 
A rald ite  in to  th e  specim ens.
5.3.2.3 S tage 34-39 (8  to !3  day old^) b la s to d e rm s:
A s  I p o i n t e d  o u t  in  t h e  a b o v e  s e c t io n ,  t h e  a lb u m e n ,  e i t h e r  s u b ­
b lastoderm ic  o r th a t  w hich su rro u n d s  th e  v itelline m em b ran e , m ak es it difficult 
to section  th e  b las to d e rm s a t th ese  la te  stages o f  d ev e lo p m en t. H ow ever, in th e  
very few  cases  w h e re  th e  su rro u n d in g  a lb u m e n  w as p a rtia lly  re m o v e d , it w as 
possible to  n o tice  th a t  th e  space  left by th e  orig inal s ta tio n ary  lead ing  edge cells 
has b e e n  occu p ied  by th e  e c to d e rm a l cells w hich con ta in  ab no rm ally  large  yolk 
in c lu s io n s . F o r  e x a m p le , by  s ta g e  36 (1 0  d ay s)  th e  e c to d e rm a l  c e lls  a r e  in  
c o n tac t w ith  th e  v ite llin e  m e m b ra n e  a n d  s p re a d  o n to  it, re su ltin g  in  a  g re a t  
degree o f d e fo rm atio n  o f th e  m em b ran e , in th e  sh ap e  o f w rinkling a t th e  site  o f 
a t ta c h m e n t  (F ig . 5 .2 4 a )  S u c h  d e fo rm a t io n s  o f  th e  v i te l l in e  m e m b r a n e  a re  
m uch less p ro n o u n c e d  a t a re a s  w h ere  no  a tta c h m e n t is tak ing  p lace  i.e. a t th o se  
areas w hich lay b e tw e en  th e  orig inal s ta tionary  streak s  (Fig. 5 .24b). T h e  effects 
of trac tion  th a t  th e  s trong  a tta c h m e n t o f th e  ec to d e rm a l cells g e n e ra te  as they  
a d h e re  to  th e  v i te l l in e  m e m b ra n e  is e v id e n t  u n d e r  th e  s c a n n in g  e le c tr o n  
m icroscope (Fig. 5.24c).
S im ila r  d e fo r m a t io n  o f  th e  v ite ll in e  m e m b ra n e  o c c u rs  in  th e  a r e a s  o f  
a ttach m en t o f th e  prox im al m oving edge cells to  th e  m em b ran e . T his m ay b e  
an in d ic a tio n  th a t  th e  e x p a n sio n  o f  th e  lea d in g  ed g e  cells to  co v e r  th e  re s t  o f  
the v itelline m e m b ra n e  is ca rried  o u t by th e  m o re  distally lo ca ted  edge  cells.
O n e  a d v a n tag e  o f th e  th ick  a lb u m en  su rro u n d in g  th e  v ite lline  m e m b ra n e  
is th a t it m akes it easy  to  s e p a ra te  th e  tw o layers o f th e  v ite lline  m em b ran e . By 
carefully rem ov ing  th e  solid ified  a lb u m en  it rem oves w ith it th e  o u te r  layer o f 
the v itelline m e m b ran e . T his m ad e  it possib le  to  exam ine a t least sm all a re a s  
of the o u te r  face  o f  th e  in n er  layer o f  th e  m em b ran e  u n d e r  th e  scann ing
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e le c tro n  m ic ro sc o p e  a n d  to  n o tic e  th a t  th e  in v ad ing  e c to d e rm a l cells  a n c h o r  
th e m s e lv e s  to  th is  s u r fa c e  by  m ic ro v illo u s  p ro je c t io n s  s im ila r  to  th o s e  s e n t  
previously by th e  lead ing  edge cells an d  th e  s ta tionary  cells (Fig. 5.25a).
T h e  expansion  o f th e  edge a re a  seem s also  to  d e p e n d  o n  th e  con tinuous 
a d d it io n  o f  d e e p  la y e r  c e lls  in to  th e  e d g e  a r e a  as c a n  b e  d e d u c e d  f ro m  th e  
asso c ia tio n  o f  an  in c re a s in g  n u m b e r  o f  th e se  cells w ith  th e  le a d in g  ed g e . F o r  
exam p le , in  th e  8 day  o ld  b la s to d e rm  show n  in F ig . 5.7, th e  d e e p  lay e r  cells 
seem  to  le a v e  th e  b a s a l  s u r fa c e  o f  th e  e c to d e rm a l  ce lls  a n d  m o v e  o v e r  th e  
p rox im al cells  o f  th e  ed g e  to  b e  in c o rp o ra te d  in to  th e  ed g e  (F ig . 5 .25b ). T h e  
d eep  lay e r  cells  p e rs is t  ev en  a f te r  th e  c lo su re  o f  th e  re m a in in g  a re a  o v e r  th e  
vitelline m em b ran e . F o r  exam ple, in th e  11 day old b la s to d e rm  w hich is show n 
in Fig. 5 .10b , th e  d e e p  lay e r  cells se em  to  fo rm  a  se c o n d  lay e r  o n  to p  o f  th e  
m o n o lay e r o f  lea d in g  e d g e  cells  (F ig . 5 .26). I h a v e  only  b e e n  a b le  to  se e  th is  
a rran g em en t u n d e r  th e  scann ing  e lec tro n  m icroscope  since all a tte m p ts  m ad e  
to rem ove  th e  a tta c h e d  a lb u m en  from  this a re a  led  to  d istu rb an ces  such  as th e  
tea rin g  o f  th e  v ite llin e  m e m b ra n e  a n d  th e  s e p a ra tio n  a n d  d isso c ia tio n  o f  th e  
edge cells from  it.
5.4 E x p er im en ta l stud y  on the e ffec t o f  su b stra tu m  on the b eh a v io u r  o f  
stationary cells and whether these cells are programmed to undergo cell death 
at a certain stage o f development:
I to o k  ad v an tag e  o f  th e  fac t th a t th e  s ta tionary  cells a re  highly adhesive  to  
the s u b s tra tu m  a n d  th a t  it is p o ss ib le  to  g e t p u re  c u ltu re s  o f  th e s e  ce lls  sim ply  
by m echanically  se p a ra tin g  th e  a tta c h e d  ec to d e rm a l sh e e t from  th e  s ta tio n a ry  
s treaks th e n  s e p a ra tin g  th e s e  s tre a k s  fro m  th e  v ite llin e  m e m b ra n e . 4 day  o ld  
stationary  s tre a k s  w ere  se p a ra te d  in this way th en  cu ltu red  on  a fresh  v ite lline  
m em b ran e  using  th e  N ew  C u ltu re  m e th o d  (N ew , 1953) w h ile  o th e r  s tre a k s  
w ere c u l tu r e d  o n  g lass  c o v e rs l ip s  in  sm a ll p e tr i  d ish e s . H a m ’s F 1 2  c u l tu re  
m edium  (G ib co , U K ) +  10%  se ru m  w as u sed  in b o th  ty p es  o f  c u ltu re s . T h e  
c u l tu r e s  w e r e  m a i n t a i n e d  f o r  3 to  5 d a y s .
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It w as h o p e d  to  th row  light on  th e  follow ing poin ts:
A ) S ince th e  s ta tio n ary  cells w ere  rem oved  from  o ld e r v itelline m em b ran e s  
and cu ltu red  on  fresh  ones, w ould  th a t trigger th ese  cells to  rega in  th e  ability  to  
sp read  on  th is new  su b s tra tu m ?  If th a t is th e  case, th en  it can  b e  assum ed  th a t it 
is th e  o ld e r  v ite llin e  m e m b ra n e s , w h ich  m ay  h av e  so m eh o w  lo st so m e  o f  th e ir  
ability  to  s u p p o r t  cell m o v e m e n t a t  c e r ta in  p o in ts , w h ich  cau se s  th e s e  cells to  
stop m oving. If  th a t is n o t th e  case, i.e. if they  b eh av ed  sim ilarly on  b o th  old  an d  
fresh  v ite llin e  m e m b ra n e , w o u ld  th ey  s p re a d  o n  glass in d ic a tin g  th a t  th ey  a re  
specifically p ro g ra m m e d  to  s to p  m oving on  th e ir  n o rm al su b s tra tu m ?
B) T h e  s ta tio n ary  cells ,in vivo , e n te r  th e  cycle o f cell d e a th  a t th e  4 th  day o f 
d eve lopm en t an d  d isa p p e a r  com plete ly  from  th e  s ta tio n ary  s treak s  by th e  6 th  
day. C u ltu ring  th ese  4 day old  cells fo r 3 to  5 days in vitro w ould  show  w h e th e r  
these cells a re  d es tin ed  to  d ie a t th a t  p e rio d  irrespec tive  o f th e  cond itions they  
a re  in, o r  th a t  th e ir  d e a th  can  b e  a lte re d  by so m e e x te rn a l fa c to rs  such  as th e  
p resence  o r ab sen ce  o f th e  a tta c h e d  ec to d e rm  an d  th e  v itelline m em b ran e .
C )T his ex p e rim e n t w ould  also  show  w h e th e r  th e  re le ase  o f th ese  cells from  
the tension  th a t  they  a re  su b jec ted  to  by th e  re s t o f th e  m oving edge  cells w ould  
change th e ir  b e h av io u r a n d /o r  b o o st th e ir  survival.
5.4.1 Results:
T h e  resu lts  a re  d ivided in to  tw o g roups accord ing  to  th e  su b s tra tu m  used  
to cu lture  th e  s ta tio n ary  cells:
5.4.1.1 a l  T h e  b e h a v io u r o f s ta tio n ary  cells on  th e  v itelline m em b ran e :
A ll o f  th e  e x p la n ts  o f  s ta t io n a ry  cells c u ltu re d  o n  v ite llin e  m e m b ra n e s  
a tta c h e d  to  th e m  b u t  th e  c e lls  r e m a in e d  in  th e  s t r e a k  a n d  w e re  n o t  a b le  to  
sp read  ev en  w h e n  k e p t  fo r  5 days. T h e  re a s o n  b e h in d  th is  lack  o f  s p re a d in g  
seem s to  b e  th e  f a c t  th e y  t h a t  th e y  u n d e r g o  c e ll  d e a th .  S e m ith in  ( ly u m )  
sections o f s treak s  c u ltu red  fo r 3 days show ed  th a t cell d e a th  am o n g  th ese  cells
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is very  ex ten s iv e  a n d  o n e  can  b a re ly  rec o g n ise  any  living s ta tio n a ry  cell w ith in  
th e  s t r e a k s  (F ig . 5 .2 7 ) . T h e r e  w a s  n o  d i f f e r e n c e  in  th e  b e h a v io u r  o f  th e  
s ta tio n a ry  cells b e tw e e n  th o se  c u ltu re d  on  fre sh  v ite llin e  m e m b ra n e s  a n d  o ld  
ones.
5.4.1.2 b") T h e  b e h av io u r o f th e  s ta tio n a ry  cells on  glass:
T h e  b e h a v io u r  o f  th e  s ta t io n a r y  c e lls  w h ic h  w e r e  c u l tu r e d  o n  g la s s  
coverslip s w as fo u n d  to  b e  c o m p le te ly  d if fe re n t fro m  ab o v e . T h e  s ta tio n a ry  
cells a t ta c h e d  to  th e  c o v e rs lip  a n d  s ta r te d  to  s p re a d  on  it as ea rly  as th e  f irs t 
day o f cu ltu re . T hey  sp re a d  from  all sides o f th e  exp lan t fo rm ing  a m o no layer 
w hich, by th e  e n d  o f  th e  3 rd  day, e x te n d e d  a c o n s id e ra b le  d is ta n c e  aw ay fro m  
the  s ite  o f  th e  e x p la n t (F ig . 5 .28a). T h e  s ta tio n a ry  cells n o t on ly  a t ta c h e d  to  
and sp re a d  on  th e ir  new  su b stra tu m  b u t they  also  looked  very  hea lthy  w ith no  
sign o f cell d e a th  even  a fte r  5 days in cu ltu re  (Fig. 5.28b).
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Fig. 5 .1- C a m e ra  lu c id a  d raw in g s  o f  tw o 3 -d ay  o ld  b la s to d e rm s  a f te r  
p a s s in g  th e  e q u a to r  o f  th e  egg . N o tic e  th e  a p p e a r a n c e  o f  s ta t io n a ry  
p o in ts  as w ell as s ta tio n a ry  s tre a k s  w ith  no  specific  p a t te rn .  T h e  a re a  o f 
th e  v itelline m em b ran e  yet to  b e  covered  by th e  b la s to d e rm  is 439 m m 2 in 
(a )  an d  534 m m 2 in (b). B a r=  1 cm.
S tr ip p le d  a re a s  h e re  a n d  in all o f  th e  fo llow ing  c a m e ra  lu c id a  d raw ings 
re p re se n t th e  position  o f th e  m oving edge cells.
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Fig. 5 .2 - C a m e ra  lu c id a  d raw in g s  o f  tw o  4 -d ay  o ld  b la s to d e rm s .  T h e  
le n g th  a n d  c o m p le x i ty  o f  th e  s t a t i o n a r y  s t r e a k s  d i f f e r  f r o m  o n e  
b la s to d e rm  to  th e  o th e r  as w ell as w ith in  th e  sam e  b la s to d e rm . T h e re  is 
a lso  a g r e a t  d i f f e r e n c e  in  th e  e x te n t  o f  e x p a n s io n  b e tw e e n  th e  tw o  
b la s to d e rm s . A re a  to  b e  c o v e re d  in (a )  is 34 m m 2 a n d  in (b )  272 m m 2. 
B a r=  1 cm.
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Fig. 5.3- C a m e ra  lucida re-construc tion  o f a  4 day s ta tio n a ry  s tre a k  draw n 
from  fro n ta l sections cut th ro u g h  it. In this case th e  o ldest s ta tio n a ry  cells 
w ere  c o v e re d  by an  e c to d e rm a l s h e e t  as it is ce n trifu g a lly  p u lle d  by the  
a c tiv e ly  m o v in g  e d g e  c e lls . E =  e c to d e r m ;  L E =  le a d in g  e d g e ;  S = 
s ta tionary  s treak ; V =  vitelline m em b ran e .
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Fig.5.3
Fig.5 .4- C a m e ra  lu c id a  d raw ings o f  tw o 5-day  o ld  b la s to d e rm s  show ing 
aga in  a v isib le  d iffe re n c e  in th e  len g th  a n d  co m p lex ity  o f  th e  s ta tio n a ry  
streaks. A re a  to  b e  covered  in (a) 138 m m 2 an d  in (b ) 156 m m 2. B a r = l  
cm.
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Fig.5 .5- C a m e ra  lu c id a  d raw ings o f  tw o 6-day  b la s to d e rm s . A lth o u g h  
a re a s  still to  b e  c o v e re d  in (a )  a n d  (b )  a re  a p p ro x im a te ly  e q u a l (183 and  
185 m m 2, a p p ro x im a te ly ) , s ta tio n a ry  s tre a k s  show  th e  u su a l d iffe ren ces . 
B a r=  1cm.
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Fig.5.6- C a m e r a  lucida drawings of  two 7-day b l a s to d e rm s .  A r e a  still to 
be covered in (a) is 97 m m 2 and in (b) 105 mm2. B a r =  1 cm.
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ig.5.6 a
Fig.5 .7- C a m e ra  luc ida  d raw ings o f  tw o 8-day  b la s to d e rm s . N o tic e  th a t 
w hile th e  b las to d e rm  in (a) has covered  all b u t a  sm all a re a  o f th e  vitelline 
m e m b ra n e  (0 .6  m m 2), th a t  in (b ) is still to  co v e r an  a re a  o f  102 m m 2. 
B a r=  1 cm.
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Fig.5 .8- C a m e ra  lu c id a  d raw ings o f tw o 9-day  b la s to d e rm s . H e re  again  
th e re  is a d iffe re n c e  b e tw e e n  th e  tw o  b la s to d e rm s  in th e  a r e a  th ey  have 
yet to  cover ( 36 m m 2 in a and  2.5 m m 2 in b). B a r=  1 cm.
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F ig .5.9- C a m e ra  luc ida  d raw ings o f  tw o 10-day b la s to d e rm s . T h is  is the  
e a rlie s t  tim e  in w hich  a to ta l  c lo su re  o f th e  v ite llin e  m e m b ra n e  can  be 
se en  (b ). T h e  b la s to d e rm  in (a )  has  still to  co v e r an  a r e a  o f  101 m m 2. 
T h e  b las to d e rm  in (b ) has ach ieved  to ta l closure. B a r=  1 cm.
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Fig.5.10- C a m e ra  lucida draw ings o f two 11-day b las to d erm s. W hile  the 
b las to d e rm  show n in (b) has sealed  th e  vitelline m em b ran e , th e  o n e  in (a) 
is still to  co v er an  a re a  o f  43 m m 2. T h is  a re a  is la rg e r  th a n  th a t  fo u n d  in 
th e  4-day b las to d e rm  show n in figure 2a. B a r=  1 cm.
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ig.5
1 0  b
Fig.5.11- C a m e ra  lucida draw ings o f two 12-day b las to d erm s. A re a  to  be 
covered  in (a) is 0.4 m m 2. B a r=  1 cm.
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Fig.5.12 a- Silver n itra te  stain ing  o f a 3-day old b la s to d e rm  a t on e  o f the  
sta tionary  streaks  (S). T h e  ec to d e rm a l cells (E ) a d jacen t to  th e  s tre a k  are  
e lo n g a ted  w ith th e ir  long axis pa ra lle l to  s treak . B a r=  100 urn .
F ig .5 .12  b- S ilver n i tr a te  s ta in in g  o f  th e  sa m e  b la s to d e rm  as  in  (b )  b u t a t 
an  a re a  fa r  from  any s ta tionary  streak . T h e  ec to d e rm a l cells (E )  show  no 
p a rticu la r  o rie n ta tio n  an d  m ain ta in  th e ir  polygonal a p p e a ra n c e . B a r=  50 
jam.
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Fig.5.12 a
Fig.5.13a- Scanning  e lec tro n  m icrog raph  (S E M ) o f an  a re a  sim ilar to  the  
o n e  show n in F ig .5 .12a  show ing  th e  o r ie n ta tio n  o f  th e  e c to d e rm a l  cells 
(E ) n e a r  a  s ta tionary  s treak  (S). B a r=  lOO^im.
Fig.5.13 b- Silver n itra te  s ta ined  sta tionary  s tre a k  show ing a  cylinder-like 
s t ru c tu re  fo rm e d  by  th e  fo ld in g  o f  th e  e c to d e rm  (E )  o v e r  th e  o ld e s t  
s ta t io n a ry  ce lls  ( E F ) .  T h is  is s im ila r  to  th e  o n e  sh o w n  in  F ig . 5 .3 . S = 
s ta tionary  s treak . B a r=  lOOyum.
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Fig.5.13 b
F ig .5 .1 4  a - S E M  o f  th e  b a s a l  s u r f a c e  o f  tw o  s ta t io n a r y  s t r e a k s  (S ) 
se p a ra te d  from  th e  substra tum , th e  v itelline m em b ran e . T his su rface  has 
a wavy a p p e a ra n ce . E =  ec toderm ; arrow s show  d irec tion  o f b las to d erm  
expansion . B a r=  100 urn.
Fig.5.14 b- S E M  o f th e  in n er su rface  o f th e  v ite lline  m e m b ra n e  to  which 
s ta tio n a ry  cells u sed  to  a tta c h . N o tice  th e  w rin k lin g  o f  th e  m e m b ra n e  
( a s t e r s )  in  a w ay  w h ic h  c o r r e s p o n d s  to  th e  w av y  a p p e a r a n c e  o f  th e  
sta tionary  streaks. T h e  su rround ing  a re a s  w hich have  b e e n  u sed  only by 
actively m oving edge cells show  no  such w rinkling. B a r=  100 u rn .
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Fig.5.14 a
Fig.5.14 b
Fig.15 a- S E M  show ing th e  basal surface o f som e s ta tio n ary  cells (S). A  
few  m ic ro v illo u s  p r o je c tio n s  ( a r ro w h e a d s )  a r e  v is ib le  o n  th is  su rfa c e . 
T h e s e  ce lls  m a k e  c o n ta c t  w ith  e a c h  o th e r  v ia  th in  c e l lu la r  p ro c e s s e s  
(arrow s). B a r=  1 urn.
F ig .5.15 b - S E M  sh o w in g  so m e  d e fo r m a t io n  in  th e  f ib re s  o f  th e  in n e r  
s u r f a c e  o f  th e  v i te l l in e  m e m b r a n e  c a u s e d  b y  th e  a t t a c h m e n t  o f  th e  
s ta tio n a ry  cells (S ). T h e  le ft h a n d  s ide  o f  th e  m ic ro g ra p h  (M ) show  less 
d e fo rm atio n  as no  sta tionary  cells have a tta c h e d  to  it. B a r=  10 u m .
127
Fig.5.15 a
Fig.5.15 b
Fig.5.16 a- L ight m icrog raph  o f one  o f the  s ta tionary  s treak s  o f  a  3-day old 
b las to d erm . E =  ec to d erm ; S C =  sta tionary  cells; V =  v ite lline  m em b ran e . 
B a r=  50yum.
F ig .5 .16  b - T ra n sm iss io n  e le c tro n  m ic ro g ra p h  (T E M ) show ing  desm o- 
som es (D ) connecting  ad jacen t s ta tionary  cells (Sc). B a r=  0.97yum. X32 
K.
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Fig.5.16 a
Fig.5.16 b
Fig.5.17 a- T E M  o f 3-day old b las to d erm  show ing m icrovillous p ro jec tions 
(M P )  p r o t r u d in g  f ro m  th e  b a s a l  s u r f a c e  o f  th e  s t a t io n a r y  c e lls  a n d  
p e n e tra tin g  deep ly  in to  th e  v itelline m e m b ran e  su rface  (V ). N o tice  th a t 
m ic ro fila m en ts  (a r ro w h e a d s )  e x te n d  in to  th e se  p ro je c tio n s . B a r =  0.73 
yum. X  23.5K.
Fig.5.17 b- T E M  o f a  3-day old s ta tionary  s tre a k  cell (SC ) show ing a dense 
p laq u e  (D P ) in p o in t o f co n tac t w ith th e  v ite lline  m em b ran e . B a r=  0.17 
yum. X  100K.
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Fig.5.17 a
Fig.5.17 b
Fig .5 .18  a- L igh t m ic ro g ra p h  o f a s tag e  18 lea d in g  ed g e . T h e  e d g e  cells 
have tran sfo rm ed  from  a m ultilayer to  a m ono layer (M ). B a r=  50 jum.
F ig .5 .18  b- A  d iffe re n t p a r t  o f  th e  sam e  sp e c im en  as (a )  show ing  th a t  in 
som e a re a s  th e  d is ta l-m o s t cells (d ) d e ta c h  fro m  th e  m a in  s h e e t  o f  edge 
cells and  m ig ra te  in singles and  in g roups. B a r=  50 jam.
Fig.5.18 c- S E M  o f stage 18 b las to d e rm  show ing th e  actively m oving edge 
cells (M ) fo rm in g  a m o n o la y e r  o n  th e  v ite llin e  m e m b ra n e  (V ). P a r t  o f a 
s ta tionary  s tre a k  (S) can  b e  seen . B a r=  lOOyum.
130
Fig.5.18 a
Fig.5.18 b
F ig .5 .19  a- S E M  o f  th e  d ista l lead in g  ed g e  cells (L e )  o f  th e  b la s to d e rm  
show n in fig. 5 .18 c. T h e  cells e x te n d  th in  f ilo p o d ia  (a r ro w h e a d s )  to  the  
neighbouring  cells as well as to  th e  v itelline m em b ran e . B a r=  1 0 jum.
F ig .5 .19  b- S E M  o f  a  3-day  o ld  b la s to d e rm  show ing  th e  d e ta c h m e n t o f 
som e  o f  th e  d is ta l-m o s t cells (D )  fro m  th e  m o n o la y e r  s h e e t  o f  lead ing  
e d g e  c e lls  (M ) . N o t ic e  th e  c r e s c e n t - s h a p e d  e c to d e r m  ( E )  n e a r  th e  
sta tionary  s tre a k  (S). V =  vitelline m em b ran e . B a r=  lOOyum.
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Fig.5.19 a
Fig.5.19 b
F ig .5 .20  (a & b )-  T E M  sh o w in g  th e  p re s e n c e  o f  d e s m o s o m e s  ( a r r o w ­
h ead s) b e tw een  the  proxim al edge cells (P ) o f a stage 18 b la s to d e rm  (a). 
N o  s p e c i a l i s e d  j u n c t io n s  w e r e  d e t e c t e d  b e tw e e n  t h e  c e l l s  o f  th e  
m ono layer (M ) o f  the  edge (b). B ar in a  & b =  2.8 um . X  6.5K.
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Fig.5.20 b
F ig .5 .21  a - A  L ig h t  m ic r o g ra p h  ( f r o n ta l  s e c t io n )  t h r o u g h  th e  o ld e s t  
s ta tionary  cells (S) a 4-day b las toderm . N o tice  th e  p re se n c e  o f cell dea th  
(arrow s) in th ese  cells. B a r=  50 urn.
Fig.5.21 b- A  L igh t m ic ro g ra p h  ( f ro n ta l  se c tio n )  th ro u g h  s ta t io n a ry  cells 
(S) w hich b ecam e  sta tionary  la te r  th an  th e  ones show n above. C ell death  
(arrow s) can  also  b e  d e te c te d  in th ese  cells. B a r=  50 /urn.
133
Fig.5.21a
Fig.5.21b
Fig.5.22 a- T E M  show ing lam ellae  (L ) sen t by th e  e c to d e rm a l cells to  the 
spaces b e tw een  th e  dying sta tionary  cells (D S). B a r=  1.7 urn X  8.55K.
Fig.5.22 b- L ight m icrog raph  o f a  4-day old b las to d e rm . S ubb lastoderm ic  
a lb u m e n  (A )  is p r e s e n t  b e tw e e n  th e  e c to d e r m a l  s h e e t  ( E )  a n d  th e  
v itelline m em b ran e  (V ). B a r=  50 urn.
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Fig.5.22a
Fig.5.22b
Fig.5.23 a- L ight m icrog raph  (fron ta l section) th ro u g h  a s ta tio n a ry  s treak  
o f  a  6 -d a y  o ld  b l a s t o d e r m .  T h e  s t a t i o n a r y  c e l l s  h a v e  c o m p le te ly  
d isa p p e a re d  fro m  th e  s tre a k  a n d  th e ir  sp a c e  (S p ) is o c c u p ie d  by som e 
ec to d e rm a l lam ellae. E =  E c to d erm ; V =  v itelline m e m b ra n e  (V ). B a r=
50^im .
/
Fig.5 .23 b- A  m ag n ified  p a r t  o f  (a )  show ing  th a t  th e  sp a c e  le f t  a f te r  the  
d e a th  o f th e  s ta tio n a ry  cells is o c c u p ie d  by la m e lla e  (L ) o f  e c to d e rm a l 
c e lls . S o m e  e c to d e r m a l  c e l ls  ( E )  b e g in  to  a t t a c h  to  t h e  v i te l l in e  
m em b ran e  (V ) in p lace  o f th e  s ta tionary  cells. B a r=  50 urn .
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Fig.5.24 a- L ight m icrog raph  (fron ta l section) th ro u g h  a s ta tio n a ry  s treak  
o f a  10-day o ld  b la s to d e rm . T h e  e c to d e rm a l cells (E C )  h av e  co m p le te ly  
o c c u p ie d  th e  sp a ce  le ft by th e  o rig ina l s ta tio n a ry  e d g e  cells. N o tice  th e  
p rese n c e  o f  large yolk d ro p le ts  in these  ec to d e rm a l cells. N o tice  also  the 
w rinkling o f th e  v itelline m em b ran e (V ) a t a re a s  o f  a tta ch m e n t. B a r=  100 
jam.
Fig .5 .24  b- S im ila r sec tio n  as in (a )  show ing  th a t  th e  v ite llin e  m e m b ra n e  
(V ) is g rea tly  w rin k led  a t  p o in ts  o f  a t ta c h m e n t  o f  e c to d e rm a l  cells  (E C ) 
b u t sm o o th  in a re a s  w h e re  n o  such  a t ta c h m e n t  is p r e s e n t  (a r ro w h e a d s ) . 
B a r=  50 jum.
136
Fig.5.24 a
Fig.5.24 b
Fig.5.24 c
F ig .5 .2 5  a -  S E M  s h o w in g  m ic r o v i l lo u s  p r o j e c t i o n s  ( a r r o w h e a d s )  
p ro tru d in g  fro m  th e  e c to d e rm a l cells (E C ) in to  th e  in n e r  su rfa c e  o f th e  
v ite llin e  m e m b ra n e . H e re , th e  o u te r  su rfa c e  o f  th e  m e m b ra n e  h as  b e e n  
p e e le d  o f f  a lo n g  w ith  t h e  a t t a c h e d  a lb u m e n  in  o r d e r  to  s e e  th e s e  
s truc tu res. B a r=  1 urn.
F ig .5.25 b - S E M  o f  a n  8 d a y -o ld  b la s to d e rm  sh o w in g  th e  c o n tin u o u s  
p re se n c e  o f  d e e p  lay e r cells (D )  in a re a s  b e tw e e n  th e  e c to d e rm  (E )  and  
th e  lead ing  edge cells (L e). B a r=  60jam.
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Fig.5.25 b
Fig.5 .26 a- S E M  o f  an  11 day- o ld  b la s to d e rm  in w h ich  th e  le a d in g  edge 
has se a le d  th e  w ho le  o f  th e  v ite llin e  m e m b ra n e . N o tic e  th a t  th e  d e e p  
lay e r  ce lls  (D )  fo rm  a s e c o n d  la y e r  o v e r  th e  le a d in g  e d g e  ce lls . T h e  
m ark ed  a re a  is en la rg ed  below . B a r=  200 um .
Fig.5.26 b- H igh  m aginfication  o f th e  a re a  m ark e d  in (a ). D e e p  layer cells 
(D ) a p p a re n tly  c o n tin u e  to  leav e  th e  b a sa l su rfa c e  o f  th e  e c to d e rm  (E ) 
and  a re  rec ru ited  in to  th e  lead ing  edge a re a . B a r=  20 um .
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Fig.5.26 b
Fig .5 .27  a- L igh t m ic ro g ra p h  o f  s ta tio n a ry  s tre a k  (S ) c u ltu re d  fo r  3 days 
on  th e  v itelline m em b ran e . T h e re  is no  a p p a re n t m ig ra tion  o f cells from  
the  exp lan t site  (co m p a re  w ith fig.28a). B a r=  50 /um.
Fig.5.27 b- TS th ro u g h  a sa ttionary  s tre a k  cu ltu red  fo r 3 days on  th e  inner 
su rface  o f  th e  v ite llin e  m e m b ra n e  (V ). T h e  m a jo rity  o f  th e  s ta tio n a ry  
cells (SC ) a re  d ead  o r show ing signs o f cell d ea th . B a r=  50 jum.
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Fig.5.27 b
F ig .5 .2 8  L ig h t  m ic r o g ra p h  o f  s o m e  s ta t io n a r y  c e lls  c u l tu r e d  fo r  3 
(a )  a n d  5 (b )  d a y s  o n  a g la s s  s u b s t r a tu m . N o t ic e  th e  e x te n t  o f  th e  
m ig r a t io n  f ro m  th e  s i t e  o f  t h e  e x p la n t  ( E X )  a n d  t h e i r  h e a l th y  
a p p e a ra n ce . B a r=  100 um .
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Fig.5.28 
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5.4 DISCUSSION
T h e  chick b las to d e rm  conform s to  th e  spherica l g eo m etry  o f th e  egg and , 
th e re fo re , it has to  ach ieve  tw o ra th e r  con trasting  tasks. T h e  first task  is th a t  it 
m ust in crease  th e  a re a  o f  its e c to d e rm  layer an d  its rim  by w hich it a tta ch e s  to  
th e  su b s tra tu m , th e  v ite llin e  m e m b ra n e . D o w n ie  (1976) h as  show n  th a t  th e  
a re a  o f  th e  b la s to d e rm  in c re a se s  d u e  to  d iv ision  a n d  g ro w th  o f  its e c to d e rm a l  
cells, an d  th e  p rev ious tw o c h a p te rs  o f this thesis show ed  th a t  th e re  is a  s teady  
increase  in th e  n u m b e r  o f edge cells as a  resu lt o f th e  rec ru itm e n t o f  new  cells, 
the  d e e p  layer cells, in to  th e  edge.
T h e  s e c o n d  ta s k  is fo r  th e  b la s to d e rm  to  so m e h o w  a c c o m m o d a te  th e  
la rg e  n u m b e r  o f  its  le a d in g  e d g e  ce lls  in th e  s m a lle r  s p a c e  a v a ila b le  o n  th e  
v i te l l in e  m e m b r a n e  . In  o t h e r  w o rd s , th e  b l a s to d e r m  h a s  to  d e c r e a s e  its  
c ircum ference  con tinuously  in o rd e r  to  be  ab le  to  ex pand  from  a re a s  o f  la rg e r 
c i r c u m f e r e n c e  a r o u n d  th e  e q u a t o r  o f  t h e  e g g  i n to  a r e a s  o f  s m a l l e r  
c ircum ference  in th e  low er egg h em isp h ere . This c h a p te r  describes th e  w ay th e  
chick b la s to d e rm  g o es  a b o u t ach iev ing  th is  task . H o w e v er, b e fo re  d iscussing  
the  s tra te g y  a d a p te d  by th e  ch ick  b la s to d e rm  to  ac co m p lish  th is  w e m u st f irs t 
look a t how  o th e r  em bryos tack le  th e  sam e p rob lem .
T h e  m o st ex ten siv e ly  s tu d ie d  em b ry o s  in th is  c o n te x t a re  th o se  o f  tw o 
teleosts, Oryzias latipes an d  Fundulus heteroclitus. In th e  first system  K ageyam a 
(1980 a n d  1982) fo u n d , u sing  silver s ta in in g  to  d e lin e a te  cell b o u n d a r ie s , th a t  
a fte r  p a ssin g  th e  e q u a to r  o f  th e  egg, th e  e n v e lo p in g  lay e r  o f  th e  b la s to d e rm  
d e c re a se s  th e  n u m b e r  o f  its m arg in a l cells in o rd e r  to  a d ju s t to  th e  c h a n g e s  in 
the  g e o m e try  o f  th e  egg. H e  su g g e s te d  th a t  th is  d e c re a s e  in  m a rg in a l ce lls  is 
due to  cell re a r ra n g e m e n t as well as changes in th e  sh ap e  o f  th ese  cells.
In th e  second  system , it w as found  th a t h e re  also  th e  m arg inal cells o f  th e
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e n v e lo p in g  lay e r o f  F undulus  d e c re a s e  in n u m b e r  by b o th  cell r e a r ra n g e m e n t  
a n d  s h a p e  ch an g in g . S ilver s ta in in g  an d  tim e -la p se  c in e m a to g ra p h y  u se d  by 
K eller an d  T rin k au s  (1987) d isclosed th a t a fte r  th e  envelop ing  layer h ad  p assed  
the  e q u a to r  o f th e  egg its m arg inal cells tran s lo ca te  from  th e ir  o rig inal m arg inal 
p o s itio n s  to  su b m a rg in a l o n es . T h is  re su lts  in th e  re c o rd e d  d e c re a s e  in th e  
n u m b e r  o f  th e s e  cells  fro m  165 a ro u n d  th e  e q u a to r  to  25 as th e  b la s to d e rm  
encom passes  th e  yolk. A t th e  sam e tim e, th e  subm arg inal cells u n d e rg o  change 
in sh ap e  by ta p e r in g  an d  narrow ing . By th is con tinuous cell re a r ra n g e m e n t an d  
c e l l - s h a p e  c h a n g e s  t h e  e n v e lo p in g  l a y e r  o f  th is  e m b r y o  m o v e s  i n to  a n  
in c r e a s in g ly  n a r r o w e r  s p a c e  u n t i l  it  c lo s e s  a t  th e  v e g e ta l  p o le  a n d ,  th u s ,  
encom passes th e  w ho le  o f th e  yolk sphere .
M o re  re c e n tly , W elik y  a n d  O s te r  (1 9 9 0 ), w o rk in g  o n  e p ib o ly  in  th e  
F u n d u lu s , s u p p o r t e d  th e  f in d in g s  o f  K e l le r  a n d  T r in k a u s  (1 9 8 7 )  a n d  p u t  
fo rw ard  a c o m p u te r  m o d e l w hich  s im u la te s  th e  e v en ts  th a t  ta k e  p la c e  d u rin g  
th e  p ro c e s s . T h e i r  m o d e l is b a s e d  o n  th e  a s s u m p tio n  th a t  th e  c e lls  o f  th e  
enveloping  layer, w h e th e r  m arg inal o r subm arg inal, a re  u n d e r  tw o m echan ica l 
forces, first w h a t they  called  an  "azim uthal" stress w hich ten d s  to  e lo n g a te  th e  
cells in th e  d irec tio n  o f expansion  i.e. p e rp e n d icu la r  to  th e  m arg inal bou n d ary , 
and second  a c ircum feren tia l, o r  m ed io -la te ra l stress w hich ten d s  to  s tre tc h  th e  
cells  h o r iz o n ta l ly  i.e . p a ra l le l  to  th e  m a rg in a l  b o u n d a ry . T h e y  su g g e s t  th a t  
w hen  cells  m ove  fro m  reg io n s  o f  la rg e r  to  sm a lle r  c irc u m fe re n c e  in th e  lo w er 
h e m isp h e re  o f  th e  egg d u rin g  th e  la te  s tag es  o f  e p ib o ly  th ey  c o m e  u n d e r  an  
increasing ly  la rg e  a z im u th a l s tre ss  w hile  th e  m e d io - la te ra l  s tre ss  o n  th e m  is 
relaxed. A s a resu lt o f  this im balance  b e tw een  th e  tw o fo rces th e  subm arg ina l 
cells e lo n g a te  so  th a t  th e ir  long  axis b e c o m e s  p e rp e n d ic u la r  to  th e  m a rg in a l 
boundary  an d  p a ra lle l to  th e  d irec tion  o f expansion . W ith  fu rth e r  e longa tion , 
p a irs  o f  th e s e  s u b m a rg in a l  ce lls  s e p a r a te  f ro m  e a c h  o th e r ,  le a d in g  to  th e  
tra n s lo c a tio n  o f  th e s e  cells a n d , th u s, th e  r e a r ra n g e m e n t  o f  cells o b se rv e d  by 
K eller an d  T rin k au s  (1987) in th e  living em bryos. Sim ilarly, th e  m arg inal cells 
o f th e  e n v e lo p in g  la y e r  e lo n g a te  a n d  e v e n tu a lly  r e t r a c t  f ro m  th e  m a rg in  to
142
subm arg inal positions.
T h e  p ro c e ss  o f  ep ib o ly  in th e  ch ick  e m b ry o  d iffe rs  fu n d a m e n ta lly  fro m  
th a t  o f  th e  te le o s t  e m b ry o s  d e s c r ib e d  a b o v e  in  th a t  w h ile  in  th e  l a t t e r  th e  
envelop ing  layer expands as a  single cohesive sh ee t over th e  yolk syncytial layer 
and  so any  re a r ra n g e m e n t m ust occur w ithin th a t sheet, th e  b la s to d e rm  o f th e  
ch ick  e m b ry o  e x p a n d s  as  a  r e s u l t  o f  th e  m ig ra tio n  o f  th e  le a d in g  e d g e  ce lls  
w hich fo rm  a  s e p a ra te  u n iq u e  un it w hich differs from  th e  re s t o f th e  b la s to d e rm  
in m any  asp ec ts  (D ow nie , 1976 an d  New , 1959). T h e  a rra n g e m e n t o f th is edge  
in re la tio n  to  th e  re s t  o f  th e  b la s to d e rm  m ak e s  it im p o ss ib le  fo r  its cells  say to  
re trac t fro m  it an d  tra n s lo c a te  to  th e  nea rb y  n o n -edge  p a r t  o f th e  b las to d e rm , 
as is th e  c a se  d u r in g  e p ib o ly  in  th e  te le o s t  e m b ry o . T h e r e f o r e ,  th e  e n d  o f  
epiboly in th e  chick b la s to d e rm  m ust involve a d iffe ren t stra tegy .
T h e  e v e n ts  th a t  ta k e  p lac e  d u rin g  th e  la te  s tag es  o f  ep ib o ly  o f  th e  ch ick  
b las to d e rm  have n ev e r prev iously  b e e n  stud ied  in any de ta il a n d  so this c h a p te r  
describes fo r th e  first tim e  th e  u n iq u e  an d  novel s tra tegy  th a t  th is system  ad o p ts  
in o rd e r  to  a c h ie v e  th e  r e q u ire d  re d u c tio n  in th e  n u m b e r  o f  its lea d in g  ed g e  
cells as it expands to  encom pass  th e  w hole  yolk.
A f te r  th e  ch ick  b la s to d e rm  ed g e  p a sse s  th e  e q u a to r  o f  th e  egg, a ro u n d  
the 3 rd  day  o f  d ev e lo p m en t (stage  18), som e o f  its edge  cells b e c o m e  s ta tio n ary  
at ce rta in  p o in ts  on  th e  v ite lline  m em b ran e . T h e  position  o f th ese  p o in ts  does 
no t only  d iffe r  b e tw e e n  em b ry o s  a t  d iffe re n t s tag es  o f  d e v e lo p m e n t b u t  a lso  
b e tw een  em bryos o f th e  sam e stage. T h e re  th e re fo re  seem s to  be  no  precisely  
d e te rm in ed  p a tte rn  o f s ta tio n ary  po in ts, in tim e o r position .
A t th e  sam e  tim e as th ese  po in ts  a p p e a r  th e  lead ing  edge  cells, ex cep t fo r 
th o se  w h ich  b e c o m e  s ta tio n a ry , c o n tin u e  th e ir  c e n tr ifu g a l m o v e m e n t a n d  as 
d eve lopm en t p ro ce e d s  som e o f th e  m oving cells w hich lay n e a r  th e  s ta tio n a ry  
p o in ts  b e c o m e  s ta t io n a ry  th em se lv e s . It se em  th a t  th ey  a re  p re v e n te d  fro m  
fu rther m o v em en t by th e  pulling fo rce  ex e rted  on  th em  by th e  o ld e r  s ta tio n ary
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cells w ith  w hich they  a re  associa ted . T E M  rev ea led  th a t th e  s ta tio n ary  cells a re  
co n n ec ted  to  each  o th e r  via th e  pow erfu l ten sion  resisting  junctions, th e  desm o- 
som es. T h e  d e v e lo p m e n t o f  th e se  d e sm o so m es  b e tw e e n  th e  s ta t io n a ry  cells 
seem s to  se rv e  a n u m b e r  o f  p u rp o se s . F irstly , th ey  e n a b le  th e  f irs t s ta tio n a ry  
cells to  resis t any  fo rce  w hich could  se p a ra te  th em  from  each  o th e r, such as th a t 
w hich  is c re a te d  by th e  re s t  o f  th e  ac tively  m oving  ed g e  cells. S econd ly , th ey  
strongly co n n ec t th e  o ld e r  cells to  th e  m ost recen tly  a d d e d  s ta tio n ary  cells thus 
lead ing  to  th e  fo rm a tio n  o f  th e  s ta tio n ary  streaks. T hirdly, they  m ay b e  involved 
in m ain ta in in g  th e  e lo n g a ted  sh ap e  o f th e  s ta tionary  cells.
S c a n n in g  a n d  tra n s m is s io n  e le c tr o n  m ic ro sc o p ic  e x a m in a t io n  o f  th e  
d o r s a l  s u r f a c e  o f  th e  s ta t io n a r y  c e lls  r e v e a le d  t h a t  th is  s u r f a c e  is r ic h  in  
m ic ro v illo u s  p ro je c t io n s  w h ich  p e n e t r a t e  in to  th e  m e s h w o rk  o f  th e  in n e r  
su rface o f th e  v ite lline  m em b ran e . A s d iscussed in c h a p te r  3, th ese  p ro jec tio n s  
m ay play  an  im p o rta n t ro le  in ancho ring  th e  edge cells to  th e ir  su b stra te .
T h e  s tro n g  associa tion  b e tw een  th e  s ta tionary  edge cells an d  th e  v itelline 
m e m b ra n e  a t  th e  la te r  s ta g e s  o f  ep ib o ly  can  a lso  b e  d u e  to  th e  d e n se  p la q u e s  
w hich a re  e v id e n t in th e  a re a s  w h e re  th e s e  cells m ak e  d ire c t c o n ta c t  w ith  th e  
m em b ran e . T h e se  dense  p laq u es  a re  know n to  be  a re a s  o f strong  associa tion  
b e tw e e n  c e lls  a n d  th e i r  s u b s tr a tu m  a n d  a r e  m o re  p r o m in e n t  in  th o s e  ce lls  
w hich show  little  o r  n o  m o tility  ( C o u c h m a n  a n d  R e e s , 1979; K o le g a  et. a l ,  
1982; B u rridge , 1986 an d  B urridge  et. a l ,  1987).
In  m y o p in io n , th e  c o m b in a tio n  o f  th e  p r e s e n c e  o f  b o th  m ic ro v il lo u s  
p ro je c tio n s  fro m  th e  s ta t io n a ry  cells a n d  th e  a re a s  o f  d e n se  p la q u e s  b e tw e e n  
th e s e  c e lls  a n d  th e  s u b s t r a tu m  c o u ld  s e rv e  to  a n c h o r  th e  s t a t io n a r y  c e lls  
s tro n g ly  to  th e  s u b s tr a tu m  in  o r d e r  to  r e s is t  th e  p r e s s u r e  to  m o v e  fo rw a rd  
which is a p p lie d  on  th em  by th e  fo rw ard  m o v em en t o f th e  rem ain in g  edge  cells. 
It m ight b e  th a t  th e  w rinkling o f th e  a re a s  on  th e  v ite lline  m e m b ra n e  to  w hich 
th ese  cells  a t ta c h  is e v id e n c e  fo r  such  a re s is ta n c e . T h is  is in c o n tra s t  to  th e  
situation  o b se rv ed  in th e  m oving edge during  th e  e a rlie r  stages o f  d e v e lo p m en t
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w hen  m icrovillous p ro jec tio n s  a re  n o t as n u m ero u s  as in th e  s ta tio n ary  cells and  
d e n se  p la q u e s  a re  h a rd ly  se en  a t  all. E v e n  w h en  th e  la t te r  a re  p re s e n t, th ey  
o c c u r  b e tw e e n  t h e  d o r s a l  s u r f a c e  o f  th e  m o v in g  e d g e  c e l l s  a n d  th e  
u n d e rlap p in g  lam ella  o f a n o th e r  cell an d  n o t b e tw een  th e  cells an d  th e  su rface  
o f th e  v ite lline  m em b ran e .
T h e  ad h esio n  o f th e  s ta tionary  cells to  th e  v itelline m e m b ra n e  is so strong  
th a t if th e  b la s to d e rm  is m echan ically  pu lled  from  th e  v ite lline  m e m b ra n e  th e  
e c to d e rm a l p a r t  b re a k s  ve ry  easily  fro m  th e  s tre a k s  o f  s ta t io n a ry  cells  w h ich  
re m a in  a tta c h e d  to  th e  su b s tra tu m . T h is  is in c o n tra s t  w ith  th e  fa c t th a t  th e  
le a d in g  e d g e  c e lls  o f  th e  e a r ly  s ta g e s  o f  d e v e lo p m e n t  c a n  b e  v e ry  e a s i ly  
d e ta c h e d  fro m  th e  v ite llin e  m e m b ra n e , w ith o u t causing  any  s e p a ra tio n  fro m  
th e ir n e ig hbou ring  ec to d e rm a l cells.
T h e  f o r m a t i o n  o f  t h e  s t a t i o n a r y  s t r e a k s  l e a d s  in  t u r n  to  t h e  
tran sfo rm atio n  o f th e  sm oo th  c ircum ference  o f th e  b la s to d e rm  in to  U -sh a p ed  
a re a s  m a d e  o f  ad v a n c in g  ed g e  cells a t  th e  b o tto m  a n d  s ta t io n a ry  cells in th e  
s treak s . T h e  n u m b e r  o f  fo lds a n d  th e ir  com p lex ity  d iffe r  fro m  o n e  e m b ry o  to  
a n o th e r  even  a t th e  sam e stage o f d eve lopm en t. A lso  th e  ex ten t o f expansion  
o f th e  b la s to d e rm  a n d , th e re fo re , th e  a re a  th ey  n e e d  to  co v e r  a re  so v a r ia b le  
th a t  so m e  b la s to d e rm s  a t  say th e  4 th  day  o f  d e v e lo p m e n t w e re  fo u n d  to  h av e  
expanded  even  m o re  th an  in o ld e r ones. T h e  reaso n s b eh in d  th ese  v a ria tions  
are  n o t know n an d  m erit fu rth e r  investigation.
T h e  ce lls  o f  th e  e c to d e rm a l sh e e t  in th e  fo ld e d  a re a s  o f  th e  b la s to d e rm , 
i.e . th o s e  w h ic h  l ie  b e tw e e n  tw o  s ta t io n a r y  s t r e a k s ,  c h a n g e  t h e i r  o r ig in a l  
po lygonal s h a p e  a n d  e lo n g a te  so th a t  th e ir  long  axis b e c o m e s  p a ra l le l  to  th e  
d irec tion  o f m ig ra tion  o f th e  m oving p a rts  o f th e  edge. T his change  in sh a p e  is 
due again  to  tw o m echan ica l forces, a  fo rce  pulling th em  c re a te d  by th e  m oving 
edge cells a n d  a n o th e r  ho ld ing  th em  in p lace  c re a te d  by th e ir  a tta c h m e n t to  th e  
sta tionary  edge  cells.
T h e  e lo n g a t io n  o f  th e  e c to d e rm a l  c e lls  r e d u c e s  th e  p r o p o r t io n  o f  th e
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e d g e  c i r c u m f e r e n c e  th a t  e a c h  o c c u p ie s  a n d , in  t u r n ,  a llo w s  m o re  o f  th e  
b la s to d e rm  to  s q u e e z e  in to  th e  in creasin g ly  sm a lle r  a re a s  w h ich  it n e e d s  to  
cover as ep ib o ly  n e a rs  its fina l s tag es . W h e th e r  o r  n o t th is  c h a n g e  in sh a p e  is 
a s s o c ia te d  w ith  ce ll r e a r r a n g e m e n t  s im ila r  to  th a t  d e s c r ib e d  by  K e l le r  a n d  
T rinkaus(1987 ) an d  W eliky an d  O ste r  (1990) fo r Fundulus is n o t c lea r an d  has 
n o t b e e n  in v e s tig a te d  in  th e  p re s e n t  s tudy  d u e  to  th e  d ifficu ltie s  e n c o u n te re d  
during  any  a tte m p t to  ge t d irec t in ovo observations.
B y th is  u n iq u e  s tr a te g y  th e  c h ic k  b la s to d e rm  a c h ie v e s  tw o  o b je c tiv e s . 
First, by confin ing  som e o f its m arg inal edge  cells to  s ta tio n ary  s treaks, it allows 
ju s t e n o u g h  o f  th e  ed g e  cells to  c o n tin u e  m ig ra tin g  in to  th e  a v a ila b le  a r e a  on  
the v ite lline  m em b ran e , w hich gets sm aller an d  sm aller as expansion  p ro ceed s. 
S econdly , th e  t ra n s fo rm a tio n  o f  th e  c irc u m fe re n c e  o f  th e  b la s to d e rm  in to  th e  
o b se rv e d  fo ld s  , a lo n g  w ith  th e  s h a p e  ch a n g e  in  th e  e c to d e rm a l  cells  re d u c e s  
th e  to ta l  a re a  o f  th e  e c to d e rm a l p a r t  o f  th e  b la s to d e rm , a llow ing  m o re  o f  th is  
sheet to  e x p an d  to  cover m o re  o f th e  low er h em isp h e re  o f th e  egg.
By th e  th ird  to  fo u rth  day o f incubation  th e  v ite lline  m e m b ra n e  ru p tu re s  
a t  th e  a n im a l  p o le  ( o v e r  th e  e m b ry o )  a n d  s lip s  to w a rd s  th e  v e g e ta l  p o le  
(Jensen , 1969). T his ru p tu rin g  could  acco u n t fo r th e  a lb u m en  w hich is p re se n t 
a t th e  la te r  s ta g e s  o f  e p ib o ly  b e tw e e n  th e  e c to d e rm a l s h e e t  o f  th e  b la s to d e rm  
and th e  v ite lline  m em b ran e . T his a lb u m en  as well as th a t u n d e r  th e  in tac t p a rt  
of th e  v ite lline  m e m b ra n e  b eco m es m o re  solid as d ev e lo p m en t p ro g resses  an d  
th is  c o u ld  p ro v id e  so m e  s u p p o r t  fo r  th e  v e ry  th in  s h e e t  o f  e c to d e rm  a n d  
p reven ts  its b re a k a g e  as well as su p p o rtin g  th e  v itelline m e m b ra n e  w hich show  
a d ec rease  in its m echan ica l s tren g th  as it b eco m es o ld e r (Jen sen , 1969).
Cell death in the leading edge cells:
T h e  s ta t io n a ry  cells, h av ing  p a r t ic ip a te d  ac tive ly  in th e  e a rly  p ro c e s s  o f  
b las to d erm  expansion  an d  th en  in th e  req u ired  d e c re a se  in th e  c ircu m feren ce  
o f th e  b l a s to d e r m ,  e n t e r  a cy c le  o f  c e ll  d e a th .  C e ll  d e a th  d o e s  n o t  o c c u r
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s im u lta n e o u sly  th ro u g h o u t th e  s tre a k s  o f  s ta tio n a ry  cells b u t in s tag es . T h e  
o ld es t s ta t io n a ry  cells w h ich  a re  th e  fu r th e s t  fro m  th e  m ov ing  ed g e  a n d  w h ich  
w ere  th e  f irs t to  s to p  th e ir  c e n tr ifu g a l m o v e m e n t a re  fo u n d  to  b e  th e  f irs t to  
s ta r t  dy ing  a t a ro u n d  th e  4 th  day  o f  in cu b a tio n . C ell d e a th  th e n  p ro g re s se s  
distally to  th e  yo u n g er s ta tio n ary  cells.
A s th e  s ta t io n a ry  cells s ta r t  th e  cycle o f  cell d e a th  in te rc e llu la r  sp a ce s  
s ta rt to  a p p e a r  b e tw e en  th em . T h ese  spaces w ere  fo u n d  to  b e  invaded  by long 
lam e lla e  s e n t by  th e  n e a rb y  e c to d e rm a l cells. By th e  6 th  day  o f  in c u b a tio n  all 
th e  s ta t io n a ry  e d g e  cells, a t  a  c e r ta in  a re a , h av e  d ied  a n d  only  th e  la m e lla e  o f  
the a d ja c e n t e c to d e rm a l cells a re  found  in th e ir  p lace.
T h e  m echan ism  o f rem oval o f th e  d ead  s ta tio n ary  cells is n o t know n b u t 
th e re  a re  tw o  p o ss ib ilitie s ; (a )  th e  s ta tio n a ry  cells co u ld  b e  a d d e d  to  th e  yo lk  
then  a b so rb e d  by th e  res t o f th e  b las to d e rm  o r a lternatively , (b ) they  cou ld  b e  
phagocy tosed  by th e  n ea rb y  e c to d e rm a l cells. T h e  second  possib ility  seem s th e  
m ore likely since th e  lam ellae  sen t by th e  ec to d e rm a l cells to  invade th e  in te r ­
cellu lar spaces su rro u n d  th e  dying s ta tionary  cells from  all sides a n d  th ey  could  
well b e  in  th e  p ro c e s s  o f  en g u lfin g  th e se  cells. A lso , a f te r  th e  s ta t io n a ry  cells 
have b e e n  rem o v ed  no  m o re  o f th e  e c to d e rm a l lam ellae  can  b e  seen ; in stead , 
the ec to d e rm a l cells them selves com e in to  co n tac t w ith th e  v ite lline  m em b ran e , 
an d  ce lls  f ro m  b o th  s id e s  o f  th e  o r ig in a l  s t r e a k  fu se  to g e th e r  to  o c c u p y  th e  
space left by th e  s ta tio n a ry  cells. A s they  do  so, o n e  fe a tu re  b eco m es ev iden t, 
that is th e  large  yolk inclusions w hich th ese  cells con ta in , an d  w hich is genera lly  
not a  ch a rac te ris tic  o f th e  e c to d e rm a l cells excep t du ring  th e  very  early  stages 
of d e v e lo p m e n t (S ta g e  3). It c an  b e  easily  n o tic e d  th a t  th e  yo lk  in c lu s io n s  in 
these e c to d e rm a l cells a re  la rg e r as well as m o re  in n u m b e r  th a n  th e  re s t o f  th e  
ec toderm al cells w hich a re  fu rth e r  aw ay from  th e  a re a s  o f th e  s ta tio n a ry  cells. 
This gives m o re  su p p o rt to  th e  possibility  th a t th e  ec to d e rm a l cells in q u es tio n  
may well have  ga in ed  th e ir  yolky a p p e a ra n c e  as a  resu lt o f  th e ir  phagocy tosis o f 
the d ead  s ta tio n a ry  cells.
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T h e  p r e s e n c e  o f  th ic k  a lb u m e n  a t  th e s e  a r e a s  m a d e  it im p o s s ib le  to  
e x a m in e , u n d e r  th e  t ra n s m is s io n  e le c tro n  m ic ro sc o p e , th e  k in d  o f  c o n ta c ts  
w h ic h  th e  in v a d in g  e c to d e r m a l  c e lls  h a v e  w ith  th e  v i te l l in e  m e m b r a n e .  
H o w e v e r , a f t e r  re m o v in g  th e  a lb u m e n  a lo n g  w ith  th e  o u te r  s u r fa c e  o f  th e  
v ite llin e  m e m b ra n e  it b e c a m e  a p p a re n t  th a t  th e se  cells p o ssess  m ic ro v illo u s  
p ro jec tions  sim ilar to  th o se  o f th e  orig inal s ta tio n ary  cells w hich they  sen d  in to  
the  m eshw ork  o f  th e  in n er  su rface  o f th e  vitelline m em b ran e . T h e  a tta c h m e n t 
o f th e  e c to d e rm a l  c e lls  to  th e i r  s u b s tr a tu m  is in c re a s in g ly  s tro n g  as  c a n  b e  
ju d g e d  fro m  th e  v e ry  d e e p  w rink ling  o f  th e  v ite llin e  m e m b ra n e  a t  th e  s ite s  o f 
a t t a c h m e n t  a n d  t h e  t r a c t i o n  t h a t  t h e s e  c e l l s  c r e a t e  in  t h e  a r e a s  o f  t h e  
m em b ran e  ad ja c e n t to  th e  th ese  sites.
T h e  re s u l ts  f ro m  th e  e x p e r im e n t  in  s e c tio n  5 .4  w h ic h  w as d e s ig n e d  to  
study  th e  b e h a v io u r  o f  th e  s ta tio n a ry  cells on  fre sh  v ite llin e  m e m b ra n e  a n d  
glass rev e a le d  th a t  a lth o u g h  th ese  cells a tta ch e d  to  th e  v itelline m e m b ra n e  they  
w ere  u n a b le  to  s p re a d  o n  it a n d  e n te r e d  th e  cycle o f  cell d e a th  as th ey  d id  in 
ovo. H ow ever, they  b eh a v ed  d ifferen tly  on  glass, w h e re  they  sp re a d  an d  stayed  
healthy  even  a fte r  5 days in cu ltu re . By this tim e they  w ould  have  b e e n  9 days 
old in o vo , a n d  th ey  w o u ld  h av e  b e e n  c o m p le te ly  re m o v e d  fro m  th e  v ite llin e  
m e m b r a n e  a n d  t h e i r  s p a c e  w o u ld  h a v e  b e e n  o c c u p ie d  b y  th e  a d ja c e n t  
ec to d erm al cells. T h e se  resu lts  suggest th a t th ese  cells a re  co m m itted  to  d ie  a t 
a c e r ta in  ag e  as long  as th ey  a re  in  c o n ta c t w ith  th e  v ite llin e  m e m b ra n e , no  
m a tte r  w h e th e r  th is  m e m b ra n e  is fre sh  o r  has  b e e n  in c u b a te d  fo r  4 days a n d  
w h e th e r  th e y  a re  u n d e r  s tre ss  fro m  th e  o th e r  b la s to d e rm  cells  o r  n o t. T h e ir  
survival a n d  s p re a d in g  o n  th e  g lass s u b s tra tu m  suggests  th a t  it is th e  s tro n g  
a tta ch m e n t o f  th e  s ta tio n ary  cells to  th e  vitelline m em b ran e  and , subsequen tly , 
their inability  to  m ove th a t m ay b e  th e  crucial fac to r involved in triggering  th ese  
ce lls  to  e n t e r  th e  c y c le  o f  c e ll  d e a th .  I t  w o u ld  b e  w e ll w o r th  t e s t in g  th e  
b ehav iour o f th ese  cells on  a varie ty  o f ex tra -ce llu lar m atrix  c o a te d  su b s tra te s  
to  te s t  w h e th e r  o r  n o t specific  m o le c u le s  tr ig g e r  th e  d e a th  re s p o n s e  in  th e se  
cells.
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The closure o f the blastoderm  by the m onolaver o f edge cells and the role o f 
deep layer cells in the process:
A s th e  p ro c e s s  o f  th e  fo rm a tio n  o f  th e  s ta t io n a ry  s tre a k s  c o n tin u e s  a n d  
the  su b seq u e n t tra n sfo rm a tio n  o f th e  b las to d e rm  edge in to  folds con tinues, th e  
m oving ed g e  cells con tinue  th e ir  cen trifugal m o v em en t to  cover th e  re s t o f th e  
v i t e l l i n e  m e m b r a n e .  A s  th e y  d o  so  t h e y  r e o r g a n i s e  t h e m s e lv e s  i n to  a 
m ono layer w ith  th e  lead ing  lam ellae  o f each  cell u n d e rla p p in g  th e  cell in fro n t 
o f it. A s m e n tio n e d  in th e  re su lts , th e  w id th  o f  th e  le a d in g  e d g e  c o u ld  n o t b e  
m easu red  accu ra te ly  a t th ese  la te r  stages o f d e v e lo p m en t d u e  to  th e  con tinu ity  
o f th e  m ov ing  ed g e  cells w ith  th e  s ta tio n a ry  s tre a k s  a t  m an y  p o in ts  a lo n g  th e  
c irc u m fe re n c e , b u t  I can  safe ly  say th a t  it is in  excess o f  800 um . T h e  w id th  is 
considerab ly  la rg e r in b las to d e rm s w hich a re  7 days o ld  o r m ore .
T h e  tra n sfo rm a tio n  o f th e  lead ing  edge in to  a  m o n o lay er cou ld  b e  d u e  to  
the even ts  th a t  tak e  p lace  in th e  re s t o f th e  b las to d erm . D u rin g  th e  la te r  stages 
of epiboly, th e  b la s to d e rm  b eco m es res is tan t to  th e  fo rw ard  pulling  c re a te d  by 
the lead ing  edge  d u e  to  th e  strong  a tta c h m e n t o f th e  s ta tio n a ry  cells, a n d  la te r  
the e c to d e rm a l cells, to  th e  v itelline m em b ran e  in th e  s ta tio n ary  s treaks. T his 
resistance  p u ts  th e  lead ing  edge u n d e r  an  increasing  ten sio n  w hich, if n o t d ea lt 
w ith, c o u ld  d e ta c h  e d g e  cells fro m  th e  v ite llin e  m e m b ra n e . It se em s th a t  th e  
lead ing  e d g e  so lves th is  p ro b le m  by re o rg a n is in g  its cells in to  a  m o n o la y e r  so 
th a t th o se  e d g e  cells w h ich  w e re  n o t in c o n ta c t w ith  th e  v ite llin e  m e m b ra n e  
becom e a tta c h e d  to  it giving th e  lead ing  edge m o re  g rip  on  th e  su b s tra tu m  an d  
thereby  p rev en tin g  any ten sion  from  d e tach ing  it from  th e  la tte r .
T h e  re o rg a n is a tio n  o f  th e  ed g e  cells in to  a m o n o la y e r  m ay  b e  a lso  th e  
only way by w hich th e  b las to d e rm  achieves th e  final en com passing  o f th e  yolk. 
In  a ll  t h e  b l a s t o d e r m s  w h ic h  I e x a m in e d  a n d  w h ic h  h a d  c o m p l e te l y  
encom passed  th e  yolk sp h e re  I have n o t com e across o n e  b la s to d e rm  in w hich 
its e c to d e rm a l p a rts  from  all d irec tions actually  m e e t an d  seal to g e th e r. It m ay 
be th a t w ith  th e  e c to d e rm a l cells invading m o re  an d  m o re  o f th e  spaces  w hich
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w e re  le f t by  th e  d e a d  s ta tio n a ry  cells, a n d  th e re fo re  w ith  th e  in c re a se  in th e  
e x c ep tio n a lly  s tro n g  a d h e s io n  o f th e se  cells to  th e  v ite llin e  m e m b ra n e , th e re  
com es a tim e  w hen  th e  expansion  o f th e  b las to d e rm  e ith e r  com p le te ly  s tops o r 
its ra te  o f  expansion  b eco m es considerab ly  red u ced . In  fac t th is ra te  has b e e n  
re p o r te d  to  s ta r t  d ro p p in g  a ro u n d  th e  3 rd  day o f  in cuba tion  (D ow nie,1976) an d  
th e  re su lts  h e re  show  th a t  th e  fina l s tag es  o f  e x p a n sio n  a re  v e ry  slow  in d e e d , 
b u t very  v a riab le  from  em bryo  to  em bryo.
I w ould  also  suggest th a t th e  m onolayering  o f th e  lead ing  edge  cells a t th e  
end  o f  ep ibo ly  is p a rtly  a  sign o f slowing dow n an d  increasing  d iso rgan isa tion  o f 
the  edge  cells. A s m o re  edge cells a ttach , it is difficult fo r th em  all to  o r ie n ta te  
in th e  sam e  d irec tion , th e re fo re  c o h e re n t expansion  in o n e  d irec tio n  b eco m es 
m ore  difficult. A  reflec tion  o f this is th e  b reak in g  aw ay o f som e cells fro m  th e  
edge, w hich is possib le  b ecau se  o f the  lack o f desm osom es a t th e  d ista l p a rts  o f 
the  edge. T his also  occurs in cu ltu res w hen  explants a re  a tta c h e d  to  a  su rface  
all over, a n d  c o h e re n t expansion  is th e re fo re  n o t easy  fo r th e  sh e e t o f cells.
The role o f the deep layer cells during the late stages o f epiboly:
T h e  d e e p  layer cells seem  to  serve tw o functions du ring  th e  expansion  o f 
the  ch ick  b la s to d e rm . F irs t, as d iscu ssed  in th e  p rev io u s  c h a p te r ,  th e y  re c ru it  
th em se lv e s  in to  th e  ed g e  a re a  to  p ro v id e  th e  la t te r  w ith  th e  cells  r e q u ir e d  to  
cover th e  increasing  c ircum ference  o f th e  b las to d erm . Secondly, they  seem  to  
play an  im p o rta n t ro le  du ring  th e  la te r  stages o f  ep iboly  especially  a ro u n d  th e  
tim e o f  c lo su re  o f  th e  b las to d e rm . T hey  a re  found  to  b e  in c o rp o ra te d  in to  th e  
edge a re a  even  du ring  th ese  stages b u t this tim e th e ir  function  is m ost likely to  
be p ro v id in g  th e  m o n o la y e r  o f  ed g e  cells w ith  e x tra  cells to  c o v e r  th e  sp a ce  
available on  th e  v ite lline  m em b ran e . E ven  a t th e  stages w hen  th e  m o n o lay er o f 
edge cells  h a s  s e a le d  th e  b la s to d e rm , th ey  se em  to  fo rm  an  o th e r  lay e r  o n  to p  
of th e  edge  cells to  give su p p o rt to  this a re a  o f th e  b la s to d e rm  a t th ese  stages. 
In th e  ab sen ce  o f  any T E M  exam ination  it w as im possib le  to  study  th e  k ind  o f 
a s s o c i a t i o n  m a d e  b e tw e e n  t h e s e  c e l ls  a n d  th e  e d g e  c e l l s  u n d e r n e a t h .
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CHAPTER SIX
6.1 Cultures o f blastoderm explants on the inner 
surface o f the vitelline membrane
6.1.1 INTRODUCTION:
T h e  s e t  o f  e x p e r im e n ts  d e s c r ib e d  in  th is  c h a p te r  w as d e s ig n e d  to  te s t  
w h e th e r  in  th e  a b s e n c e  o f  a  n o rm a l  le a d in g  e d g e , p ie c e s  o f  th e  b la s to d e rm  
w hich  d o  n o t n o rm a lly  a tta c h  to  th e  v ite llin e  m e m b ra n e  d u rin g  b la s to d e rm  
e x p a n sio n  h a v e  th e  ab ility  to  do  so w h e n  c u ltu re d  o n  th e  in n e r  su rfa c e  o f  th e  
v i t e l l i n e  m e m b r a n e .  I t  w a s  a ls o  h o p e d  t h a t  t h e  b e h a v i o u r  o f  b o t h  t h e  
e c to d e rm a l  a n d  d e e p  la y e r  ce lls , w h ich  c o n s t i tu te  su c h  p ie c e s , c o u ld  th ro w  
so m e  lig h t o n  th e  d e g re e  to  w h ich  e i th e r  o f  th e s e  tw o  ce ll ty p e s , o r  b o th , 
c o n tr ib u te  to  th e  m o v e m e n t o f  th e  n o rm a l e d g e  in vivo. In  o th e r  w o rd s , I 
h o p e d  to  p re s e n t  e v id e n c e  b a s e d  o n  th e  b e h a v io u r  o f  th e s e  tw o  cell ty p es  fo r  
th e  s o u r c e  o f  c e ll  r e c r u i t m e n t  in to  th e  e d g e  a s  i t  m ig r a te s  to  c o v e r  a n  
increasingly  w ider a re a  over th e  v itelline m em b ran e .
6.2 M ethods:
T h e  m e th o d s  o f cu ltu ring  th ese  p ieces o f th e  b la s to d e rm  a n d  analysis o f 
th e  r e s u l ts  h a v e  b e e n  d e s c r ib e d  in  c h a p te r  2 .7 . B a s ica lly , sm a ll (3 m m 2 ) 
ex p lan ts  o f  e x tra e m b ry o n ic  tissu e  w e re  cu t fro m  ju s t  p ro x im a l to  th e  e d g e  o f 
stage 4-13 (H & H ) chick em bryos, and  cu ltu red  on  v itelline m em b ran e s , using 
th e  m e th o d  o f  N e w  (1 9 5 5 ) w ith  th in  a lb u m e n  as m e d iu m . E x p la n ts  w e re  
c u l tu r e d  e i t h e r  e c to d e r m a l  s id e  u p , o r  d o w n , a n d  th e  p a t t e r n  o f  e x p la n t  
ou tg row th  w as fo llow ed by tim e lapse  film ing an d  C a m e ra  L ucida  d raw ings a t 
in te rv a ls . C u l tu re s  w e re  a lso  f ix ed  a t  in te rv a ls ,  fo r  s e m i- th in  a n d  u l t r a - th in  
sectioning.
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6.13 RESULTS:
6.1.3.1 Macroscopic observations:
V e ry  s o o n  a f te r  th e  s ta r t  o f  c u ltu r in g  o n  th e  v i te l l in e  m e m b r a n e , th e  
exp lan ts show ed  a  red u c tio n  in th e ir  size, b e fo re  they  a tta c h e d  to  th e  v ite lline  
m em b ran e  a n d  b eg an  to  expand  in size.
A f te r  2 h o u r  in c u b a tio n  tim e, tw o a re a s  b e c a m e  v isib le  in th e  e x p la n t. 
T hese  a re a s  w ere  1) a  large  d a rk  a re a  w hich occup ies m ost o f th e  ex p lan t and  
2) a  ligh ter n a rro w  a re a  su rround ing  th e  prev ious one  (Fig.6.1b).
T h e  l ig h te r  p e r ip h e ra l  a re a  e x p a n d e d  in all d ire c tio n s  o n  th e  v ite llin e  
m e m b ra n e  giving th e  a re a  a m u ch  lig h te r  a p p e a ra n c e  (F ig .6 .1c). E x p a n s io n  
s t a r t e d  a f t e r  2 h o u r s  o f  i n c u b a t io n ,  a n d  th e  r a t e  o f  e x p a n s i o n  w a s  
app rox im ate ly  eq u a l all ro u n d  th e  exp lan t, an d  a t app ro x im ate ly  th e  sam e  ra te  
fo r  s e v e r a l  h o u r s .  T h e  a v e ra g e  s p e e d  a t  w h ic h  th e s e  c e lls  m o v e d  o n  th e  
v ite ll in e  m e m b r a n e  w as fo u n d  to  b e  71 +_ 14yum /hr ( T a b le  6 .1 ) . C a m e ra  
L ucida draw ings show ing th e  d irec tion  a n d  evenness o f expansion  a re  show n in 
F igure  6.2.
A fte r  six to  ten  hours o f incubation  th e  cells o f th e  ce n tra l d a rk  a re a  had  
c o n d e n s e d  to g e th e r  m o re  tig h tly , r e s u l t in g  in  a  d a r k e r  a p p e a r a n c e  to  th is  
cen tral a re a .
O n c e  th e  c o n d e n s e d  c e n t r a l  a r e a  h a d  f o r m e d ,  it  s t a r t e d  to  s h if t  i ts  
p o s i t io n  f ro m  o n e  s id e  o f  th e  e x p la n t  to  a n o th e r .  A f t e r  1 6 -2 4  h o u r s  o f  
incubation  m uch  o f  th e  exp lan t fo rm ed  a co n d en sed  m ass o f cells w hich m oved  
very  ra p id ly  in  o n e  d ire c t io n , le a v in g  b e h in d  a t r a i l  o f  c e lls  a t t a c h e d  to  th e  
vitelline m e m b ra n e  (F ig .6 .1d). T h e  average  sp eed  o f th is m ass o f cells w as 217 
±  60 ju m /h r ( T a b le  6 .1 ). I g ive  th is  ra p id ly  m o v in g  m ass  o f  c e lls  th e  n a m e  
"R eg en era ted  E dge" to  distinguish  it from  th e  sim ilar b u t n o t iden tica l n o rm a l 
b la s to d e rm  ed g e . T h e  b e h a v io u r  o f  e x p la n ts  w as b asica lly  th e  sa m e  w h e th e r
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c u l t u r e d  e c t o d e r m a l  s id e  u p  o r  d o w n  i .e .  in  b o th  k in d s  o f  e x p la n t s  a 
re g e n e ra te d  edge fo rm ed .
6.1.3.2 M IC R O S C O P IC  O B S E R V A T IO N S :
lu m  se c tio n s  cu t th ro u g h  e x p la n ts  th a t  h a d  b e e n  in c u b a te d  fo r  2, 6-10, 
and  16-24 h o u rs  w ere  s ta in ed  w ith  T o lu id ine  b lue  a n d  exam ined  u n d e r  th e  light 
m ic ro s c o p e . A lso , u l t r a - th in  s e c tio n s  w e re  e x a m in e d  u n d e r  th e  T E M . T h e  
d e sc r ip tio n  o f  a n d  d is tin c tio n  b e tw e e n  th e  tw o cell ty p es  i.e. d e e p  lay e r  cells 
a n d  e c to d e rm a l  cells  is b a s e d  on  th e  d iffe re n c e s  o f  a p p e a ra n c e  b e tw e e n  th e  
tw o ce ll ty p es  u n d e r  ligh t a n d  tra n sm iss io n  e le c tro n  m ic ro sc o p e  w h e n  se e n  in 
sec tio n s  fro m  in ta c t  b la s to d e rm s . T h e se  in c lu d e : a )  th e  yolky a p p e a ra n c e  o f  
the  d e e p  layer cells w hen  co m p a red  to  th e  m o re  co m p ac t e c to d e rm a l cells an d  
b) th e  d iffe ren ce  in sta in ing  o f th e  tw o cell types; th e  ec to d e rm a l cells a re  m uch 
d a rk ly  s ta in e d  th a n  th e  o th e r  w h e n  e x a m in e d  u n d e r  b o th  th e  l ig h t  a n d  
transm ission  e le c tro n  m icroscope.
6.1.3.2.1 After 2 hours o f incubation :
T h e  lig h te r  a re a  w h ich  fo rm s th e  p e r ip h e ry  o f  e a c h  e x p la n t, b o th  w h en  
the  e c to d e rm a l side o f th e  exp lan t w as cu ltu red  u p p e rm o s t an d  low erm ost, w as 
fo u n d  to  b e  m a d e  o f  d e e p  lay e r cells. W h e n  th e  e x p la n t w as c u ltu re d  so  th a t  
th e  e c to d e rm a l  s id e  w as u p p e rm o s t ,  a ll th e  d e e p  la y e r  c e lls  w e re  in  d i re c t  
con tac t w ith  th e  v ite lline  m e m b ran e  to  w hich they  read ily  a tta c h e d  an d  s ta r te d  
the ir cen trifuga l m o v em en t (F ig .6 .3a). E ach  o f th ese  cells p o ssessed  a lead ing  
lam e lla  w h ich  u n d e r la p p e d  th e  cell in f ro n t o f  it (F ig .6 .3 b ). In  a d d itio n , th e  
d e e p  lay e r  cells  s e n t  a  few  m ic rov illous  p ro je c tio n s  in to  th e  m e sh w o rk  o f  th e  
inner su rface  o f th e  v itelline m em b ran e  (F ig .6 .4a). T hey  also  possessed  co rtica l 
m ic r o f i l a m e n t s  a n d  m ic r o tu b u l e s  o r i e n t a t e d  t o w a r d s  t h e  d i r e c t i o n  o f  
m o v e m e n t (F ig .6 .4 b ). N o  sp e c ia lised  ju n c tio n s  w e re  d e te c te d  b e tw e e n  th e se  
cells o r th e ir  lam ellae  an d  th e re  w as no  sign o f any dense  p laq u es  b e tw e en  th e  
cells a n d  th e  v ite lline  m em b ran e .
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T h e  e c to d e rm a l cells on  th e  o th e r  h a n d  d id  n o t a tta c h  in any  w ay to  th e  
v ite lline  m em b ran e . In stead , they  rem a in e d  on  to p  o f th e  d e e p  layer cells and  
re ta in e d  all th e  charac te ris tics  o f th e  e c to d e rm a l cells o f th e  in tac t b las to d e rm , 
n a m e ly  th e  p r e s e n c e  o f  th e  t ig h t  ju n c t io n  a t  th e i r  a p ic a l  s id e  fo llo w e d  by  a 
n u m b e r  o f  d e s m o s o m e s  a n d  i n t e r d i g i t a t i o n s  o f  t h e i r  l a t e r a l  c e l l u l a r  
m em b ran es . B asal lam ina  se p a ra te d  th ese  cells from  th e  underly ing  d e e p  layer 
ce lls  ( F ig .6 .5 a ) . A s m e n t io n e d  a b o v e , in  e x p la n ts  w h e re  th e  e c to d e rm  w as 
u p p e rm o st, all th e  d e e p  layer cells w ere  in co n tac t w ith  th e  v ite lline  m em b ran e , 
w ith no  a tta c h e d  edge  a n d  u n a tta c h e d  a re a  p roxim al to  th e  edge as in exp lan ts 
w here  th e  e c to d e rm  w as cu ltu red  facing th e  v itelline m em b ran e  (S ee  below ).
W h en  th e  exp lan ts  w ere  cu ltu red  so th a t th e  ec to d e rm a l side w as in d irec t 
co n tac t w ith  th e  v ite lline  m em b ran e , th e  d e e p  layer cells m oved  fro m  th e  to p  o f 
th e  e c to d e rm  a ro u n d  th e  ed g e  o f  th e  e x p la n t a n d  c a m e  in to  c o n ta c t  w ith  th e  
v i te ll in e  m e m b r a n e .  In  th e  m e a n t im e , th e  e c to d e rm a l  p a r t  o f  th e  e x p la n t  
b e c a m e  e le v a te d  aw ay  fro m  th e  v ite llin e  m e m b ra n e  a n d  ev en  th e  p e r ip h e ra l  
e c to d e rm a l cells d id  n o t m a k e  c o n ta c t w ith  it (F ig .6 .5 b ). T h e  a r ra n g e m e n t  o f  
d e e p  lay e r  cells  a n d  e c to d e rm a l cells in  th is  case  w as s im ila r  to  th a t  w h e n  th e  
e c to d e r m  w a s  u p p e r m o s t  w ith  r e s p e c t  to  t h e i r  c o n ta c t  w ith  th e  v i te l l in e  
m em b ran e  a n d  d istrib u tio n  o f junctions.
6.1.3.2.2 After 6-10 hours o f incubation:
B o th  e c to d e rm a l a n d  d e e p  layer cells re ta in e d  th e ir  positions in re la tio n  
to  e a c h  o t h e r  a n d  to  th e  v i te l l in e  m e m b r a n e  a s  d e s c r ib e d  f o r  th e  2 h o u r  
e x p la n ts . T h e  tw o  ce ll ty p e s  w e re  s till s e p a r a te d  f ro m  e a c h  o th e r  by  a w e ll 
d e f in e d  b a s a l  la m in a . U p  to  th is  s ta g e  th e  e c to d e rm a l  p a r t  o f  th e  e x p la n t ,  
which fo rm s th e  d a rk  cen tra l m ass, did  n o t com e in to  c o n tac t w ith  th e  v ite lline  
m em b ran e , w h e th e r  th e  e c to d e rm  w as originally cu ltu red  u p  o r dow n. O n  th e  
o th e r  h a n d  th e  d e e p  layer cells, in b o th  exp lan t types, co n tin u ed  th e ir  sp read in g  
on th e  v ite llin e  m e m b ra n e , c o v e rin g  a  d is ta n c e  o f  u p  to  3 to  6 m m  fro m  th e  
edge  o f  th e  e c to d e rm  (F ig .6 .6 a ). T h e se  cells w e re  3-4 cells d e e p  as th ey  firs t
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a tta c h e d  to  th e  v ite llin e  m e m b ra n e  a ro u n d  th e  p e r ip h e r ie s  o f  th e  e c to d e rm a l 
p a rt, b u t as they  m oved  aw ay from  th e  exp lan t site th e  ou tg row th  d e c re a sed  in 
th ic k n e ss  u n til it fo rm e d  a m o n o la y e r  a t  th e  d is ta l-m o s t p a r ts  o f  th e  e x p la n t 
(F ig.6.6b). A ll ou tg row th  cells w ere  a tta c h e d  to  th e  v itelline m em b ran e .
6.1.3.2.3 After 16-22 hours o f incubation:
T his w as th e  tim e  a t w hich th e  " re g e n e ra te d  edge" s ta r te d  to  m ove rap id ly  
on th e  v ite lline  m e m b ran e , leaving b eh in d  a tra il o f  cells w hich d e ta c h e d  from  
th e  m a in  m ass  (F ig .6 .7 a )  . S can n in g  e le c tro n  m ic ro sco p y  re v e a le d  th a t  th e  
ad v an c in g  m arg in a l cells o f  th e  ed g e  p o sse sse d  b ro a d  lea d in g  la m e lla e  w h ich  
a re  sim ilar to  th o se  o f  th e  n o rm al b las to d e rm  edge (Fig.6.7b).
S e m i-th in  se c tio n s  cu t th ro u g h  th e  " re g e n e ra te d  edge" sh o w ed  th a t  th e  
m arg in a l cells  o f  th e  e d g e  h av e  all th e  fe a tu re s  o f  th e  d e e p  lay e r  cells  n a m e ly  
th e ir  yo lky  a p p e a r a n c e  a n d  p a le  s ta in in g . T h e se  cells w e re  alw ays lo c a te d  in 
f r o n t  o f  a n y  a d v a n c in g  e d g e  a n d  w e r e  f o l lo w e d  b y  t h e  d a r k ly  s t a i n e d  
ec to d e rm a l cells (F ig .6 .8a). U n like  th e ir  o rgan isa tion  in to  a  m o n o lay e r du ring  
their slow  m o v em e n t du ring  th e  early  stages o f explan ts, d e e p  layer cells fo rm  a 
m ultilayer u n it w ith  th e  ec to d e rm a l cells in th is " re g e n e ra te d  edge" stage . T E M  
of th e  d e e p  lay e r  cells  a n d  th e ir  la m e lla e  sh o w ed  th a t  th e re  w e re  s im ila ritie s  
be tw een  th em  a n d  th e  d istal cells o f th e  n o rm al lead ing  edge. Such  sim ilarities 
in c lu d ed  th e  lac k  o f  any  sp e c ia lise d  ju n c tio n s  b e tw e e n  th e m , th e  p re s e n c e  o f 
c o rtic a l m ic ro f i la m e n ts  a n d  m ic ro tu b u le s  a n d  th e  p r e s e n c e  o f  m ic ro v il lo u s  
pro jec tions w hich they  e x ten d ed  in to  th e  v itelline m em b ran e  (F ig .6 .8b).
By th is stage , th e  b asa l lam ina  sep ara tin g  ec to d e rm a l a n d  d e e p  layer cells 
had  d i s a p p e a r e d ,  a n d  e c to d e rm a l  ce lls  d id  m a k e  c o n ta c t  w ith  th e  v i te l l in e  
m e m b ra n e  irre sp e c tiv e  o f  th e ir  o rig in a l p o s itio n  in th e  e x p la n t. T h e y  w e re  
o rien ted  w ith  th e ir  long axis in th e  d irec tion  o f m o v em en t (S ee  F ig .6 .8a).
D e s p ite  th e  loss o f  th e  b a sa l la m in a  th e  e c to d e rm a l cells  a n d  d e e p  lay e r  
cells w ere  n o t co m p le te ly  in te rm ing led  w ith each  o th er; th e  fo rm e r re m a in e d  as
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a un it co n n e c te d  by som e desm osom es an d  tigh t ju n c tio n s  (F ig .6 .9a). S om e o f 
th e s e  e c to d e rm a l  ce lls  e x te n d e d  m ic ro v illo u s  p ro je c t io n s  in to  th e  v i te ll in e  
m e m b ra n e  a n d  p o s s e s s e d  m ic ro tu b u le s  as w e ll as  c o r t ic a l  m ic ro f i la m e n ts  
(F ig.6.9b).
6.2 Cultures o f the blastoderm on the outer surface 
of the vitelline membrane
6.2.1 INTRODUCTION:
T h e  o u te r  su rface  o f th e  v itelline m em b ran e  is co m p o sed  o f severa l layers 
of fib rous m ate ria ls  (B ella irs et. al. , 1963). T h e  o u te r  an d  in n e r  su rfaces o f  th e  
v ite llin e  m e m b r a n e  a r e  k n o w n  to  b e  d i f f e re n t  b o th  m o rp h o lo g ic a lly  a n d  
chem ically  ( B e lla irs  et. a l.y 1963; B e lla irs  et. al. , 1969, J e n s e n  1969 a n d  K id o  
and D oi, 1987). N ew  (1959) s tud ied  th e  b eh av io u r o f edge  cells w h en  c u ltu red  
on th e  o u te r  su rfa c e  o f  th e  v ite llin e  m e m b ra n e . H e  r e p o r te d  b rie fly  th a t  th is  
s u r f a c e  o f  th e  v i te l l in e  m e m b r a n e  d id  n o t  s u p p o r t  th e  m o v e m e n t  o f  th e  
c u ltu red  e d g e  cells . A lso , C h e rn o ff  a n d  O v e r to n  (1977 ) r e p o r te d ,  in a  s im ila r 
study, u sin g  th e  sc an n in g  e le c tro n  m ic ro sc o p e , th a t  th e  c u ltu re d  a r e a  o f  th e  
edge a d h e re s  strongly  to  th e  su b s tra tu m  w ith  no  d e te c ta b le  m o v em e n t excep t 
fo r th e  o c c a s io n a l  b r e a k in g  aw ay  o f  so m e  c e lls  f ro m  th e  p e r ip h e r y  o f  th e  
exp lan ts . T h e y  su g g e s te d  th a t  th e  d iffe re n c e  b e tw e e n  th e  d e g re e  o f  a d h e s io n  
of the  edge  to  th e  o u te r  an d  in n e r  su rfaces o f th e  v ite lline  m e m b ra n e  is d u e  to  
the  d iffe re n c e  b e tw e e n  th e  ch e m ica l c o m p o s itio n  o f  th e  tw o  su rfa c e s , w h ich  
could acco u n t fo r d iffe rences  in th e  tex tu re  o f th e  two.
T h e  p re s e n t sec tion  o f  this c h a p te r  investigates in m o re  d e ta il th e  n a tu re  
o f c o n ta c t  o f  th e  e x t r a e m b r y o n ic  c e lls  w ith  th is  s u r f a c e  o f  th e  v i te l l in e  
m em brane  using light an d  transm ission  e lec tro n  m icroscopes. I will c o n c e n tra te
156
in th e  f irs t p a r t  o f  th is  se c tio n  o n  th e  b e h a v io u r  o f  p iec e s  o f  th e  b la s to d e rm  
lacking th e  lead ing  edge w hen  cu ltu red  on  th e  v itelline m em b ran e , in o rd e r  to  
co m p are  it w ith th e  b eh av io u r o f th e  sim ilar tissue w hen  cu ltu red  on  th e  in n er 
su rface o f th e  m em b ran e , as described  in section  6.1 o f this c h a p te r. I will th en  
describe  briefly  th e  b e h av io u r on  th e  sam e su b stra tu m  o f sim ilar p ieces o f th e  
b las to d e rm  possessing  th e  n o rm al lead ing  edge  cells.
6.2.2 M ethods:
T h e  e x p e rim e n t w as th e  sam e as d escribed  in section  6.1.1 an d  2.7 excep t 
th a t  th e  v ite llin e  m e m b ra n e  w as se t u p  so th a t  its o u te r  su rfa c e  w as now  th e  
one  o n  w h ich  th e  e x p la n ts  w e re  p la c e d . In  a d d itio n  to  c u ltu rin g  b la s to d e rm  
p ieces  lack in g  th e  ed g e , p ie c e s  c o n ta in in g  th e  ed g e  w e re  a lso  c u ltu re d  o n  th is  
surface o f  th e  m em b ran e .
6.23  R esults:
6.2.3.1 C ultures o f  b lastoderm  p ieces lack ing a lead ing edge on the ou ter  
surface o f the vitelline membrane:
6.2.3.1.1 M acro sco p ic  o b se rv a tio n s :
T h e  g e n e ra l s itua tion  w as sim ilar to  th a t d escrib ed  in 6.1.2.1 a t th e  early  
stages o f th e  exp lan ts, w ith  th e  a p p e a ra n c e  o f th e  slightly d a rk  e c to d e rm a l a re a  
a n d  th e  l i g h t e r  a r e a  o f  d e e p  la y e r  c e l ls  s u r r o u n d i n g  i t  f r o m  a l l  s id e s ,  
irrespective  o f  w h e th e r  th e  ec to d e rm a l side o f  exp lan ts w as p laced  u p  o r  dow n. 
H o w e v e r , w h ile  in  c u l tu re s  o f  s im ila r  e x p la n ts  o n  th e  in n e r  s u r f a c e  o f  th e  
v ite llin e  m e m b r a n e  th e  d e e p  la y e r  ce lls  s ta r te d  to  m o v e  c e n tr ifu g a lly  a t  a  
c o n s id e ra b le  r a t e  a f t e r  a b o u t  6 h o u rs  o f  in c u b a t io n , e x p la n ts  o n  th e  o u te r  
surface o f th e  v ite lline  m em b ran e  show ed no  d e te c ta b le  m o v em en t a t  th is tim e  
or ev en  la te r .  A lso , w h ile  a rap id ly  m ov ing  ed g e  s ta r te d  to  a p p e a r  a f te r  no  
la ter th a n  20 h o u rs  in th e  first se t o f experim en ts, such an  edge  d id  n o t fo rm  in 
the second  se t o f  ex p erim en ts  even  w hen  th e  exp lan ts  w ere  c u ltu red  fo r m o re  
than  40 h ou rs. I c a n n o t say fo r su re  w h e th e r  in itial sh rinkage  o f  th ese  exp lan ts
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o ccu rred  in th is se t o f experim en ts  o r not.
6.2.3.1.2 M icroscop ic  o b se rv a tio n s :
6.23.1.2.1 After 2 hours:
T h e  b e h av io u r o f b las to d e rm  p ieces cu ltu red  on  th e  o u te r  su rface  o f th e  
v ite lline  m e m b ra n e  w as sim ilar w h e th e r  th e  ec to d e rm a l side w as cu ltu red  u p  o r 
d o w n . 1 u m  s e c t io n s  th r o u g h  2 h o u r  e x p la n ts  r e v e a le d  th a t  th e  l ig h te r  
p e rip h e ry  o f  th e  ex p lan t w as m ad e  o f d e e p  layer cells w hile th e  ce n tra l d a rk e r  
a re a  w as e c to d e rm a l (F ig .6 .10a).
T h e  d e e p  layer cells an d  e c to d e rm a l sh e e t h ad  th e  sam e o rg an isa tio n  as 
those  c u ltu red  fo r th e  sam e p e rio d  o f tim e on  th e  in n er su rface  o f  th e  v itelline 
m e m b ra n e  ( S ee  6 .1 .3 .2 .1 ) w ith  only  o n e  e x c ep tio n  r e la te d  to  cells in c o n ta c t 
w ith th e  su b s tra tu m . W hile th e  d e e p  layer cells in 2 h o u r old  exp lan ts  cu ltu red  
on  th e  in n e r  s u r fa c e  o f  th e  v ite ll in e  m e m b ra n e  s p re a d  sm o o th ly  o n  th a t  
su b s tra tu m  w ith  only th e  occasional ex tension  o f m icrovillous p ro jec tio n s  in to  
it, th e  su rface  o f th e  d e e p  layer cells in co n tac t w ith  th e  p re se n t su b s tra tu m  w as 
i r r e g u la r  a n d  b r a n c h e d  a t  so m e  a re a s  in to  lo n g  la m e lla e  (F ig .6 .10 b ) w h ich  
p e n e tra te d  deep ly  in b e tw een  th e  layers o f this su rface  o f th e  m em b ran e .
6.23.1.2.2 After 10-16 hours:
By te n  h o u rs , th e  d e e p  lay e r cells, in s te a d  o f  m ig ra tin g  ce n tr ifu g a lly  as 
those  d esc rib ed  in section  6.1.3.2.2 fo r cu ltu res on  th e  in n er v ite lline  m em b ran e  
s u rfa c e , w e re  fo u n d  b e tw e e n  th e  la y e rs  o f  th e  o u te r  s u r fa c e  o f  th e  v i te l l in e  
m e m b ra n e  w ith  n o  su c h  o u tw a rd s  m ig ra tio n . T h e  s u r fa c e  o f  th e  v i te l l in e  
m em b ran e  to  w hich th e  cells a tta c h e d  w as w rink led  an d  m any  o f its layers w ere  
b ro k e n  in to  sm a ll is la n d s  o r  c lu m p s  o f  f ib r i l la r  m e s h w o rk  w h ic h  w e re  th e n  
s u r r o u n d e d  by  th e  b ra n c h in g  la m e lla e  o f  th e  c u l tu r e d  c e lls  (F ig .6 .10c a n d  
Fig.6.11a). T h ese  cells as well as th e ir  lam ellae  possessed  highly o rd e re d  arrays 
of m icro filam en ts  (F ig .6 .11b) w hich e n d e d  a t po in ts  on  th e  p lasm a  m em b ran e
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ju x ta p o s e d  to  th e  s u b s tr a tu m  (F ig .6 .1 2 ). D e s m o s o m e s  a n d  p o in ts  o f  c lo se  
m em b ran e  op p o sitio n  w ere  com m on b e tw een  th ese  cells.
T h e  e c to d e rm a l p a r t  o f  th e se  ex p lan ts , w h e th e r  c u ltu re d  u p p e r-m o s t  o r  
lo w e r, w as  s till s e p a r a te d  f ro m  th e  d e e p  la y e r  ce lls  by  a c o n tin u o u s  b a s a l  
lam ina.
6 .23 .1 .23  After 16 hours and more:
W hile  exp lan ts  on  th e  in n er su rface  o f  th e  v itelline m e m b ra n e  fo rm e d  a 
rap id ly  m ig ra tin g  " re g e n e ra te d  edge" sh o rtly  a f te r  th is  s tag e , e x p la n ts  o n  th e  
o u te r  su rface  o f  th e  m em b ran e  show ed  no  sign o f any active m ig ra tion  o f  th e ir  
cells a lth o u g h  th e re  w as a to ta l  co lla p se  o f  th e ir  e c to d e rm a l-d e e p  lay e r  cell 
o rg a n isa tio n , a f te r  th e  d is a p p e a ra n c e  o f  th e  b a sa l la m in a  (F ig .6 .1 3 a ). E v e n  
w hen  th e  c u ltu r in g  tim e  w as e x te n d e d  to  2 days, n o  such  r e g e n e ra t io n  o f  th e  
rap id ly  m ov in g  e d g e  o c c u rre d  (F ig .6 .1 3 b ). T h e  cells o f  th e s e  e x p la n ts  c a u se d  
fu r th e r  w rin k lin g  a n d  b re a k in g  dow n  o f fu r th e r  lay e rs  o f  th e  s u b s tra tu m , as 
m ore cells p e n e tra te d  deep ly  in to  it. I w as n o t ab le  to  d e te c t any b rea k in g  aw ay 
of individual cells from  th e  p e rip h e ry  o f th e  explan ts.
T E M  re v e a le d  th a t ,  h e re  ag a in , b u n d le s  o f  m ic ro fila m e n ts  w h ich  e n d e d  in 
a ttach m en t p o in ts  w ith  th e  su b s tra tu m  w ere  a fam iliar sight am o n g  th e  cells in 
con tact w ith  th e  su b s tra tu m  (Fig.6.13c an d  Fig.6.14).
6.23.2 Cultures o f pieces o f blastoderm containing a leading edge on the outer 
surface o f the vitelline membrane:
T h e  p a t te r n  o f  b e h a v io u r  o f  th e se  c u ltu re s  w as e sse n tia lly  th e  sa m e  as 
that d escrib ed  above  fo r p ieces cu ltu red  w ithou t th e ir  lead ing  edge. In th e  first 
2-6 h o u rs  o f  in c u b a tio n  th e  lea d in g  e d g e  a tta c h e d  to  th e  o u te r  s u rfa c e  o f  th e  
v ite llin e  m e m b r a n e ,  b u t  in s te a d  o f  re m a in in g  f la t  o n  th e  s u b s tr a tu m  th e y  
form ed a c lum p  a n d  lost th e ir  n o rm al prox im al-d istal o rg an isa tio n  (F ig .6 .15a). 
As the  edge  cells a tta c h e d  to  th is su b s tra tu m  they  e x e rted  tra c tio n a l fo rce  on  it 
as can  b e  ju d g e d  fro m  th e  w rin k lin g  o f  th is su rfa c e  o f  th e  m e m b ra n e  a t  th e
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po in ts  o f a tta ch m e n t.
T E M  o f edge  cells a t  this stage show ed th a t they  b eh a v ed  sim ilarly to  d e e p  
layer cells c u ltu red  fo r 2 hours on  th e  o u te r  su rface  o f th e  v ite lline  m e m b ra n e  
in th a t  th e  lam ellae  w hich m ad e  co n tac t w ith th e  o u te r  layers o f th e  su b s tra tu m  
had  very  irreg u la r sh ap es  an d  b ran c h e d  in to  sm aller lam ellae  (F ig .6 .15b). T h e  
t ip  o f  o n e  su c h  la m e lla  p e n e t r a t in g  o n e  la y e r  o f  th e  s u b s tr a tu m  is sh o w n  in 
F ig.6.16a).
T h e  s h e e t  o f  e c to d e rm a l  cells b e h a v e d  as in n o rm a l s itu a tio n s  in  th a t  it 
r e m a in e d  e le v a te d  f ro m  th e  s u b s tr a tu m . T h e  d e e p  la y e r  c e lls  a t  th e  s id e  
o p p o s ite  to  th e  le a d in g  e d g e  b e h a v e d  in  a  s im ila r  w ay  to  th o s e  o f  e x p la n ts  
lacking th e  edge  d escrib ed  in 6.2.3.1.2.1.
A f te r  10-17  h o u rs  o f  in c u b a t io n , th e  o rg a n is a t io n  o f  th e  e x p la n ts  in to  
e c to d e rm  a n d  d e e p  la y e r  ce lls  h a d  c o lla p s e d  a n d  b o th  ce ll ty p e s  c a m e  in to  
c o n ta c t  w ith  th e  o u te r  la y e rs  o f  th e  v i te ll in e  m e m b ra n e . M e a n w h ile , th e  
leading edge  cells cou ld  no  lo nger b e  d istinguished  from  th e  re s t o f th e  exp lan t 
cells (F ig .6 .1 6 b ). T h e  cells in c o n ta c t  w ith  th e  o u te r  su rfa c e  o f  th e  v ite llin e  
m e m b ra n e  b e h a v e d  exactly  th e  sa m e  as th o se  lack in g  th e  e d g e  in  th a t  th e ir  
lam ellae  p e n e tra te d  b e tw een  th e  d iffe ren t layers o f th e  su b s tra tu m  a n d  b ro k e  
th em  dow n  to  sm all c lu m p s o f  f ib ro u s  m a te r ia l  w h ich  w e re  c o lle c te d  b e tw e e n  
the  cells (F ig .6 .1 6 c). H e r e  a lso , b u n d le s  o f  m ic ro fila m e n ts  e n d in g  a t  th e  cell 
surface in c o n ta c t w ith  th e  su b s tra tu m  w ere  a b u n d a n t in th ese  cells (F ig .6 .17a).
N o  c h a n g e  w as o b se rv e d  in th e  b e h a v io u r  o f  th e s e  e x p la n ts  e v e n  w h e n  
the cu ltu re  tim e  w as e x ten d ed  to  2 days (F ig.6.17b). A  m o n o lay er o f cells only 
a few  cells  w id e  c o u ld  b e  se e n  a ro u n d  th e  p e r ip h e ry  o f  th e s e  e x p la n ts  b u t  no  
d e tach m en t o f  ind iv idual cells from  th e  exp lan ts w as d e te c te d .
160
T a b l e  6 . 1  The  r a t e  o f  e x p a n s i o n  o f  c e l l s  f r o m  b l a s t o d e r m  p i e c e s
cultured on the inner surface of the vitelline membrane.
R a t e  o f  e x p a n s i o n  b e f o r e  R a t e  o f  e x p a n s i o n  a f t e r  
" r e g e n e r a t e d  e d g e "  " r e g e n e r a t e d  e d g e "
1 6 0  y u m / h r . 2 1 0  y u m / h r
2 6 0  y u m / h r . 1 6 0  y u m / h r
3 7 2 y u m / h r . 1 4 0  yu m/ h r
4 73  ^um/hr . 2 6 7  y u m /h r
5 1 0 0  y u m / h r . 3 0 0  y u m / h r
6 6 5  y u m / h r . 2 27 y u m / h r
MEAN + SD 71 + 14 y u m / h r .  2 1 7  + 6 0  y u m / h r .
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Fig.6.1- T im e-lapse  fram es show ing the  p rog ress o f  2 p ieces o f  b las to d erm  
e x p lan ts  c u ltu re d  on  th e  in n e r  su rfa c e  o f  th e  v ite llin e  m e m b ra n e  (a )  a t 
s ta rt o f  cu ltu re, (b) a fte r  2 hou rs , (c) a fte r  8 h o u rs  an d  (D ) a f te r  22 hours 
w ith  th e  a p p e a ra n c e  o f  th e  re g e n e ra te d  ed g e . T h e  c e n tre  in  all fram es, 
which ap p e ars  light in th ese  negative  cop ies o f th e  tim e-lap se  film , is the  
ec to d erm al p a rt  o f th e  explan t. B a r=  500 um .
162
Fig.6.1 bFig.6.1 a
Fig.6.1 dFig.6.1 c
Fig.6.2- C am era  lucida trac ing  o f a b las to d e rm  exp lan t show ing th e  ev en ­
n e ss  a n d  e x te n t  o f  e x p a n s io n  o n  th e  v i te l l in e  m e m b r a n e .  N u m b e rs  
ind ica te  hours from  th e  s ta r t o f  th e  experim en t. B a r=  100 um .
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Fig.6.2
Fig.6.3 a- T .S  th ro u g h  a p iec e  o f  b la s to d e rm  c u ltu re d  fo r  2 h o u rs  o n  th e  
v ite llin e  m e m b ra n e  w ith  its e c to d e rm a l s ide  (E )  u p p e rm o s t.  T h e  d e e p  
layer cells (D ) s ta r te d  th e ir  cen trifugal expansion  w hile th e  e c to d e rm  does 
n o t com e in to  co n tac t w ith th e  v itelline m em b ran e  (V ). B a r=  50yum.
Fig.6.3 b- T E M  show ing th e  lead ing  lam ellae  (L ) o f d e e p  layer cells which 
u n d e r la p  e a ch  o th e r  o v e r th e  in n e r  su rfa c e  o f  th e  v ite llin e  m e m b ra n e . 
Y =  in trace llu la r yolk. B a r=  1.21 jam. X  15.2k.
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Fig.6.3 a
F ig .6 .4  a- T E M  o f  a  2 -h o u r  e x p la n t  sh o w in g  a m ic ro v il lo u s  p r o je c tio n  
(M P ) p e n e tra tin g  the  in n er su rface o f  th e  v itelline m e m b ra n e  (V ). B a r=  
0.73^im . X  25.8k
F ig .6 .4  b - T E M  o f  a 2 - h o u r  e x p la n t  s h o w in g  th e  p r e s e n c e  o f  m ic r o ­
filam en ts  (F )  a n d  m ic ro tu b u le s  (a rro w s) in th e  lea d in g  la m e lla e  o f  d eep  
layer cells. B a r=  0.73^im . X  27K.
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Fig.6.4 a
F
Fig.6.4 b
Fig.6.5 a- T E M  show ing  th e  p e rs is te n c e  o f  th e  b a sa l la m in a  (B L ) in a  2- 
h o u r  e x p lan t. It s e p a ra te s  th e  e c to d e rm a l p a r t  (E )  fro m  th e  d e e p  layer 
cells below  (D ). B a r=  2.5^um. X  7.2K.
Fig.6.5 b- L ight m icrog raph  o f  a  2 -hour exp lan t c u ltu red  w ith its ec to d e rm  
(E ) facing th e  v itelline m em b ran e  (V ). T h e  e c to d e rm  is e le v a te d  fro m  the  
substra tum  w hile th e  d e e p  layer cells (D ) sp re a d  read ily  over it. B a r=  50 
yum.
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Fig.6.5 a
Fig.6.5 b
Fig.6.6 a- D orsa l view o f an  8 -hour exp lan t show ing fu rth e r  ex pansion  o f 
d e e p  layer cells (D ) on th e  v itelline m em b ran e . T h e  e c to d e rm  (E ) fo rm s 
a darkly  s ta ined  m ass in th e  c e n tre  o f th e  exp lan t. B a r=  50 ium.
Fig.6.6 b- S E M  o f  an  exp lan t as above show ing th e  p e rip h e ra l d e e p  layer 
cells w hich form  a m ono layer (M ) on  th e  v itelline m e m b ra n e  (V ). B a r=  
10 /urn.
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Fig.6.6 b
F ig .6 .7  a - S E M  o f  a 2 2 -h o u r  e x p la n t  sh o w in g  th e  f o r m a t io n  o f  th e  
re g e n e ra te d  ed g e  w hich  m oves rap id ly  in o n e  d ire c tio n  (a r ro w )  leav ing  
beh ind  a trail o f  cells. B a r=  100 urn.
F ig .6 .7  b- S E M  show ing  th e  lea d in g  la m e lla e  (L ) w h ich  th e  p e r ip h e ra l  
cells  o f  th e  r e g e n e r a te d  e d g e  s p re a d  o n  th e  v i te l l in e  m e m b r a n e  (V ). 
B a r=  lOium.
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Fig.6.7 b
Fig.6 .8  a- L igh t m ic ro g ra p h  o f  a  re g e n e ra te d  ed g e . D e e p  lay e r  cells (D ) 
a re  in f ro n t o f  th e  ed g e  w hile  th e  e c to d e rm a l cells (E )  fo rm  its c e n tre . 
T h e  e c to d e rm a l cells a re  o r ie n te d  w ith  th e ir  long  axis in th e  d ire c tio n  o f 
m ovem en t (arrow ). B a r=  50 urn.
F ig .6 .8  b- T E M  show ing  a m ic rov illous  p ro je c tio n  fro m  a d e e p  lay e r  cell 
(M P ) p e n e tra tin g  th e  in n er su rface  o f th e  v ite lline  m e m b ra n e  (V ). B a r=  
0.29 jam. X  63.4k.
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Fig.6.8 a
F ig .6 .9  a- T E M  sh o w in g  th e  o c c a s io n a l p r e s e n c e  o f  d e s m o s o m e s  (D ) 
b e tw e e n  th e  e c to d e rm a l cells. P o in ts  o f  c lose  c o n ta c t  (a r ro w h e a d s )  a re  
also p resen t. B a r=  1.21 urn. X  15.6k.
Fig.6.9 b- T E M  show ing th e  cortical d istribu tion  o f  m ic ro filam en ts  (F ) in 
th e  ec to d erm al cells. M icro tubu les (a rro w h e a d ) a re  a lso  p re se n t an d  a re  
o rie n ta te d  pa ra lle l to  th e  d irec tion  o f m ovem en t. B a r=  0 .4 6 /urn. X  45.4k.
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Fig.6.9 b
Fig.6.10 a- L ight m icrograph  o f a p iece  o f b las to d e rm  lacking  th e  lead ing  
ed g e  w h ich  h a s  b e e n  c u ltu re d  fo r  2 h o u rs  o n  th e  o u te r  s u r f a c e  o f  th e  
v i te l l in e  m e m b r a n e  (V ) .  O n ly  d e e p  l a y e r  c e l ls  ( D )  a t t a c h  to  th e  
substra tum . E =  ec toderm . B a r=  50 um .
Fig.6.10 b- T E M  show ing th e  irregu la r a p p e a ra n c e  o f  th e  lead ing  lam ellae  
(L ) o f  th e  d e e p  lay e r cells a f te r  b e in g  c u ltu re d  fo r  2 h o u rs  o n  th e  o u te r  
su rface o f the  v itelline m em b ran e  (V ). B a r=  2.8yum. X  3.2k.
F ig .6 .10  c- L ig h t m ic ro g ra p h  o f  a  1 0 -h o u r  e x p la n t  sh o w in g  th a t  ce lls  
which m ake co n tac t w ith th e  v itelline m em b ran e  (V ) co llect som e  o f the  
layers o f th e  o u te r  su rface  b e tw een  them . N o tice  th a t  th e  p e rip h e ra l cells 
o f th e  e c to d e rm  m a d e  c o n ta c t w ith  th e  s u b s tra tu m  w h ile  th e  re s t  o f  th e  
ec to d e rm  did not. B a r=  25 Aim.
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Fig.6.10 a
Fig.6.11 a- T E M  show ing th e  b reak ing  dow n o f th e  layers o f th e  v itelline 
m e m b ra n e  o u te r  su rfa c e  (V ) in to  c lum ps w h ich  a re  s u rro u n d e d  by th e  
b ran c h in g  lam e lla e  (L ) o f  th e  c u ltu re d  cells. T h e  la rg e  a n d  sm all a re a s  
m a rk e d  in th e  left h a n d  side  o f  th is  a re  e n la rg e d  in  F ig . 6 .12a  a n d  6.12b, 
respectively. B a r=  2.8 urn. X 6 .9 K .
Fig.6.11 b- T E M  show ing th e  p resen ce  o f m ic ro filam en t b u n d les  (arrow s) 
in c e l ls  in  c o n ta c t  w i th  th e  s u b s t r a tu m .  C e l ls  a r e  c o n n e c t e d  by  
desm osom es (D ) B a r=  1 urn. X  19K.
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Fig.6.11 b
F ig .6 .12  a- H ig h  m a g n if ic a tio n  o f  th e  la rg e  a r e a  m a r k e d  in  F ig .6 .11a 
show ing  a b u n d le  o f  m ic ro f i la m e n ts  (F )  e n d in g  a t  p o in ts  o n  th e  ce ll 
m e m b ra n e  ju x ta p o se d  to  th e  su b s tra tu m , th e  v ite llin e  m e m b ra n e  (V ). 
B a r=  1 yum. X  19K.
F ig .6 .12  b - H ig h  m a g n if ic a tio n  o f  th e  s m a l le r  a r e a  m a r k e d  F ig .6 .11a 
showing m icrofilam ents (F ) end ing  a t th e  cell su rface  in c o n ta c t w ith  the 
vitelline m em b ran e  o u te r  su rface  (V ). B a r=  0.46 /urn. X  33.5K.
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Fig.6.12 b
Fig.6.13 a- L igh t m ic ro g ra p h  o f an  e x p la n t c u ltu re d  fo r  17 h o u rs  on  th e  
o u te r  su rfa c e  o f  th e  v ite llin e  m e m b ra n e  (V ). N o tice  th e  c o lla p se  o f  th e  
original o rgan isa tion  o f th e  explan t. B a r=  100 um .
Fig.6.13 b - L igh t m ic ro g ra p h  o f an  e x p la n t c u ltu re d  fo r  45 h o u rs  on  th e  
o u te r  su rface o f the  v itelline m em b ran e  (V ). N o tice  th e  w rinkling  o f  the  
su b stra tu m  a t th e  site o f exp lan t a ttach m en t. B a r=  100 « m .
Fig.6.13 c- T E M  show ing  a b u n d le  o f  m ic ro fila m e n ts  (F )  in  o n e  o f  th e  
cells in co n tac t w ith  th e  substra tum . F ro m  a 45 -hour exp lan t. B a r=  0.67 
yum. X  28.5 K.
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Fig.6.13 a
Fig.6.14 (a& b)- T E M  show ing the  end ing  o f m icro filam en t b u n d les  (F ) on 
th e  surface o f the  cells a t po in ts o f co n tac t w ith th e  su b s tra tu m  (V ). B ar 
in ( a )=  0.29yum. (X  5.4k) and  in (b )=  0.29yum. (X  52.5k).
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F ig .6 .15 a - L ig h t m ic ro g ra p h  o f  a  b la s to d e rm  e x p la n t  c o n ta in in g  th e  
le a d in g  e d g e  c u ltu re d  fo r  2 h o u rs  o n  th e  o u te r  s u r fa c e  o f  th e  v i te l l in e  
m e m b ra n e  (V ). N o tice  th a t  th e  lea d in g  ed g e  cells  (L e )  h a d  lo st th e ir  
u sua l p ro x im al d ista l o rg a n isa tio n  a n d  a re  re d u c e d  in to  a c lu m p  o f  cells. 
T h e  e c to d e rm  (E )  b e h a v e s  as u su a l in  th a t  it d o e s  n o t c o m e  in to  c o n ta c t  
w ith the  v itelline m em b ran e . B a r=  50 jam.
Fig.6.15 b- T E M  o f th e  a re a  m ark ed  in (a) show ing th e  p e n e tra tio n  o f  the  
i r r e g u la r  la m e lla e  o f  th e  e d g e  ce lls  (L )  in to  th e  la y e rs  o f  th e  v i te ll in e  
m em b ran e  and  th e ir  b ranch ing  b e tw een  th e  layers. B a r=  2 u m . X  7.7k.
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Fig.6.15 a
Fig.6.15 b
Fig.6.16 a- TEM showing the tip of one of the lamellae of a leading edge
cell (L) penetrating a layer of the outer surface of the vitelline membrane
(V). Bar= 0.46yum. X 33.5K.
F ig.6 .16 b- L igh t m ic ro g ra p h  o f  a  1 7 -h o u r b la s to d e rm  e x p la n t o rig ina lly  
c o n ta in in g  a lea d in g  ed g e  c u ltu re d  on  th e  o u te r  su rfa c e  o f  th e  v ite llin e  
m em b ran e . T h e  original o rgan isa tion  o f th e  exp lan t has co llapsed . B a r=  
100 um.
Fig.6 .16 c- T E M  show ing  th e  b re a k in g  dow n  o f  th e  lay e rs  o f  th e  o u te r  
su rface  o f  th e  v ite llin e  m e m b ra n e  (V ) as th e  c u ltu re d  cells  p e n e t r a te  it 
(a rrow head ). M ark ed  a re a  is en la rg ed  in F ig .l7 a . b a r =  2 /urn. X  9.25K.
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Fig.6.16 a
Fig.6.16 b
Fig.6.16 c
Fig.6.17 a- T E M  show ing th e  end ing  o f m icro filam en t b u n d les  (F ) a t the  
cell surface which m akes co n tac t w ith th e  su b s tra tu m  (V ). B a r=  0.67yum. 
X 2 7 K .
Fig .17 b- L igh t m ic ro g ra p h  o f a p a r t  o f  a  4 5 -h o u r e x p la n t show ing  th a t  
even  w hen  a few  cells leav e  th e  e x p la n t s ite , th ey  d o  n o t s e e m  to  b re a k  
away as individual cells b u t a re  fo rm ing  a m o n o lay er (M ). B a r=  lOOyum.
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6 3  DISCUSSION
A s d iscu ssed  in c h a p te r  3 o f  th is  th esis , th e  cells o f  th e  lea d in g  e d g e  a re  
th e  only cells o f  th e  chick b las to d e rm  th a t norm ally  a tta ch  to  an d  m ove on  the  
v ite llin e  m e m b ra n e  (B e lla irs , 1963; B e lla irs  et. a l.y 1969; D o w n ie  &  P e g ru m , 
1971 a n d  D o w n ie ,  1 9 7 6 ) . H e r e  w e  r e p o r t  t h a t ,  g iv e n  e n o u g h  t im e  a n d  
a d e q u a te  cond itions, p ieces o f th e  b las to d e rm  cu ltu red  on  th e  in n e r  su rface  o f 
th e  v ite llin e  m e m b ra n e  w ith o u t th e ir  n o rm a l le a d in g  e d g e  h av e  th e  ab ility  to  
a t t a c h  to  a n d  m o v e  o n  th a t  s u b s t r a tu m . A ls o , c h a p te r  4 p r o v id e s  s o m e  
u ltra s tru c tu ra l ev idence  th a t th e  d e e p  layer cells w hich a re  p re se n t on  th e  basa l 
lam in a  o f th e  ec to d e rm a l cells a re  th e  m ost likely sou rce  o f cells be ing  rec ru ite d  
in to  th e  e d g e  as it s p re a d s  cen trifu g a lly  o n  th e  v ite llin e  m e m b ra n e . R e su lts  
o b ta in e d  by  o b s e rv in g  th e  b e h a v io u r  o f  th e  ce lls  o f  th e  e x p la n ts  d e s c r ib e d  
above  give som e ex p e rim en ta l su p p o rt to  th e  findings p re se n te d  in c h a p te r  4.
A s early  as 2 hou rs a fte r  th e  explan ts have se ttled  on  th e  in n e r  su rface  o f 
th e  v i te l l in e  m e m b r a n e  th e  d e e p  la y e r  ce lls  s ta r t  to  a t ta c h  to  th e  v i te l l in e  
m e m b ra n e  from  all sides o f th e  explan ts, w h e th e r  cu ltu red  e c to d e rm a l side up  
o r dow n. In th e  m ean tim e , th e  ec to d e rm a l cells o f th e  exp lan t do  n o t a tta c h  to  
th e  v ite lline  m em b ran e  b u t in stead  rem a in  on  to p  o f th e  d e e p  layer cells w hen  
th ey  a re  c u ltu re d  fac ing  up , o r  e le v a te d  fro m  th e  v ite llin e  m e m b ra n e  w h e n  
cu ltu red  facing  th e  m em b ran e .
T h e  d e e p  lay e r  cells n o t on ly  a tta c h  to  th e  v ite llin e  m e m b ra n e  b u t  a lso  
m ove cen trifugally  over it. A s they  do  so they  b e a r  all th e  ch a rac te ris tic s  o f th e  
le a d in g  e d g e  cells. T h e se  in c lu d e : (A ) th e  le a d in g  la m e lla e  o f  th e s e  ce lls  a re  
a r ra n g e d  so  th a t  e a c h  lam e lla  u n d e r la p s  th e  cell p o s it io n e d  in  f ro n t  o f  it, (B ) 
T h e  p re se n c e  o f  cortical m icro filam en ts u n d e r th e  do rsa l an d  v e n tra l su rfaces 
o f  th e  ce lls , (C )  M ic ro tu b u le s  a r e  a b u n d a n t  a n d  a r e  o r ie n te d  to w a rd s  th e  
d ire c tio n  o f  m o v e m e n t, (D )  T h e  p re s e n c e  in th e  c u ltu re d  d e e p  lay e r  cells  o f
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m icrovillous p ro jec tio n s  w hich p e n e tra te  in to  th e  in n er su rface  o f th e  v itelline 
m e m b ra n e  an d  w hich a re  th o u g h t to  give th e  cells a g rip  on  th e  su b s tra tu m  and  
to  allow  th e ir  fo rw ard  m ovem en t.
F u r th e r  e v id e n c e  th a t  th e  d e e p  lay e r  cells a re  th e  m o re  likely  so u rc e  o f 
cells re c ru ite d  in to  th e  n o rm al lead ing  edge com es from  th e  fac t th a t  w hen  th e  
b la s to d e rm  exp lan ts w ere  p laced  so th a t th e  d e e p  layer cells a re  in co n ta c t w ith 
th e  v ite lline  m em b ran e  they  im m edia te ly  a tta c h  to  it an d  s ta r t  th e ir  m o vem en t. 
H o w e v e r , w h e n  th e  e x p la n ts  w e re  p la c e d  so  th a t  th e  e c to d e rm  is in  d i re c t  
co n ta c t w ith  th e  v ite lline  m em b ran e  it does n o t a tta ch  to  it b u t in s tead  e leva tes  
itse lf fro m  it as d e e p  layer cells leave th e  basal side o f th e  e c to d e rm  an d  a tta ch  
to  th e  v ite lline  m em b ran e . T his suggests th a t th e  d e e p  layer cells a re  originally  
a d a p ta b le  to  m o v em en t on  th e  v itelline m em b ran e  w hile th e  e c to d e rm a l cells 
a re  no rm ally  no t.
T h e  e c to d e rm a l  cells in b o th  ty p es  o f  e x p la n ts  i.e. w h e n  th e  e c to d e rm a l  
s id e  w as u p  o r  dow n  do  n o t m a k e  c o n ta c t w ith  th e  v ite llin e  m e m b ra n e  u n til 
th e y  lo se  th e ir  b a sa l lam in a . T h is  o ccu rs  a t  a  tim e  w h e n  th e  d e e p  lay e r  cells 
h av e  a lre a d y  m o v ed  a c o n s id e ra b le  d is ta n c e  fro m  th e  s ite  o f  th e  e x p la n t. A s 
long as th e  e c to d e rm a l cells m ain ta in ed  th e ir  po larity , w ith  m icrovilli a n d  tigh t 
ju n c tio n s  a t  th e  ap ica l side an d  basa l lam ina  a t th e  b asa l side, th ey  w ere  u n ab le  
to  a t ta c h  to  th e  v ite llin e  m e m b ra n e . U ltra s tru c tu ra l  e x a m in a tio n  o f  n o rm a l 
b la s to d e rm s  sh o w e d  th a t  th e  p o la r i ty  o f  th e  e c to d e rm a l  c e lls  is m a in ta in e d  
th ro u g h o u t  th e  e a rly  s tag es  o f  b la s to d e rm  ex p a n sio n . T h is  , th e re fo re ,  g ives 
m o re  s u p p o r t  fo r  th e  c o n c lu s io n  p re s e n te d  in c h a p te r  4 th a t  th e  e c to d e rm a l  
cells o f  in ta c t  b la s to d e rm s , in th e ir  n o rm a l p o la r ise d  fo rm , a re  a  v e ry  u n lik e ly  
so u rce  o f  cell rec ru itm e n t in to  th e  lead ing  edge.
A lth o u g h  th e  e c to d e rm a l  ce lls  e v e n tu a lly  lo se  th e i r  b a s a l  la m in a  a n d  
a tta c h  to  th e  v ite lline  m em b ran e , they  do  n o t in te rm ing le  com ple te ly  w ith  th e  
re s t o f th e  d e e p  layer cells b u t in stead  they  so rt them selves o u t a t th e  c e n tre  o f 
th e  " re g e n e ra te d  edge" by m a in ta in in g  so m e  d e sm o so m e s  a n d  tig h t ju n c tio n s
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b e tw e en  th em . D e sp ite  th ese  junctions  th e  ec to d e rm a l cells align them selves in 
th e  d ire c tio n  o f  m o v e m e n t a n d  seem  to  c o n tr ib u te  to  th e  m o v e m e n t o f  th e  
w ho le  " re g e n e ra te d  edge". This la te  b eh av io u r o f e c to d e rm a l cells i.e. th e ir  loss 
o f  b a sa l  la m in a  a n d  a tta c h m e n t  to  th e  v ite llin e  m e m b ra n e  se em s to  r e la te  to  
th e  a tta c h m e n t o f  th ese  cells to  th e  v itelline m em b ran e  du ring  th e  la te  stages o f 
b la s to d e rm  closure . In  b o th  cases, th ese  cells a re  ab le  to  a tta c h  to  th e  v ite lline  
m e m b r a n e  o n ly  a f t e r  th e  lo ss  o f  t h e i r  b a s a l  l a m in a  a s  w e ll  a s  th e  s t r o n g  
a tta c h m e n ts  b e tw e en  th em , in th e  fo rm  o f ap ical tigh t ju n ctio n s , desm osom es 
a n d  in te r d ig i ta t io n s  o f  th e i r  l a te r a l  p la s m a  m e m b ra n e s .  H o w e v e r , w h ile  
e c to d e r m a l  c e lls  a t t a c h  v e ry  s tro n g ly  to  th e  v i te l l in e  m e m b r a n e  a t  th e  la te  
stages o f epiboly , causing d isto rtion  o f this m em b ran e , they  b eh a v e  d ifferen tly  
in  th e  r e g e n e r a t e d  e d g e  s ta g e  o f  th e  e x p la n ts  r e p o r t e d  a b o v e . T h e  o n ly  
d i f f e r e n c e  b e tw e e n  th e s e  c e lls  in  th e  tw o  s y s te m s  is th e  p r e s e n c e  ( in  th e  
" re g e n e ra te d  edge" stage) o r ab sence  (in th e  la te  stages o f ep ibo ly) o f th e  d e e p  
layer cells. It seem s th a t th e  p re sen ce  o f th e  la tte r  cells is crucial fo r th e  ability  
o f  e c to d e rm a l  cells to  m ove o n  th e  v ite llin e  m e m b ra n e . In  fac t, p re lim in a ry  
e x p e r im e n t s  ( n o t  in c lu d e d  in  th is  th e s i s )  s h o w e d  t h a t  if  a  s h e e t  o f  p u r e  
e c to d e rm a l cells w as cu ltu red  on  th e  in n er su rface  o f th e  v ite lline  m em b ran e , it 
fa iled  to  show  any active m o v em en t even  a fte r  a  p ro lo n g ed  tim e  in cu ltu re , b u t 
w h e n  d e e p  lay e r  cells  a re  in c lu d e d , as in  th e se  e x p la n ts  (6 .1 ), th e  e c to d e rm a l  
c e l l s  w e r e  a b le  to  c o n t r i b u t e  to  t h e  f o r m a t i o n  o f  t h e  r a p i d l y  m o v in g  
" re g e n e ra te d  edge".
A  final p o in t on  th e  b eh av io u r o f b las to d e rm  p ieces on  th e  in n e r  su rface  
o f th e  v ite lline  m em b ran e  is th e  change in th e  ra te  o f expansion  o f cells o f th ese  
e x p la n ts  b e f o r e  a n d  a f te r  th e  f o rm a tio n  o f  th e  " r e g e n e r a te d  e d g e " . B e fo re  
d iscussing this, how ever, it w ould  b e  usefu l to  c o m p a re  th e  o rg an isa tio n  o f th e  
n o rm a l ed g e  cells a t th e  early  stages o f ep iboly  w ith th a t  a t  th e  la te r  stages a n d  
ho w  th a t  r e la te s  to  th e  r a te  o f  b la s to d e rm  e x p a n sio n  a t  th e s e  tw o  s ta g e s . O n e  
w o u ld  n o tic e  th a t  a t  th e  ea rly  s tag es  o f  e p ib o ly  (b e fo re  th e  e d g e  re a c h e s  th e  
e q u a to r  o f  th e  egg) th e  ed g e  has  a  m u ltila y e re d  o rg a n isa tio n  a n d  th e  r a te  o f
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expansion  is very  rap id . H ow ever, a t th e  la te  stages (a f te r  th e  edge  has passed  
th e  e q u a to r )  th e  r a te  o f  ex p a n sio n  d ro p s  sh a rp ly , as can  b e  d e d u c e d  fro m  th e  
p e r io d  n e e d e d  fo r  th e  ed g e  to  re a c h  th e  o th e r  e n d  o f  th e  egg. T h is  slow ing  
dow n  in th e  r a te  o f  e x p a n sio n  o ccu rs  a t th e  tim e  w h e n  th e  e d g e  cells  b e c o m e  
r e o r g a n i s e d  in to  a  m o n o la y e r .  I t  s e e m s , t h e r e f o r e ,  t h a t  th e  d e n s i ty  a n d  
m ultilayering  o f th e  edge a re  essen tia l fo r its rap id  ra te  o f expansion . I be lieve  
th a t  th e  change  in th e  ra te  o f m o v em en t o f cells b e fo re  an d  a fte r  th e  fo rm a tio n  
o f th e  re g e n e ra te d  edge follows th e  sam e p a tte rn ; th e  m o n o lay er o f d e e p  layer 
cells  m ig ra te s  re la tiv e ly  slow ly w h en  c o m p a re d  to  th e  r a p id  m o v e m e n t o f  th e  
m o re  effic ien t m u ltilayered  re g e n e ra te d  edge.
T h e  resu lts  o b ta in e d  from  th e  se t o f exp erim en ts  d escrib ed  in sec tion  6.2 
o f  th is  c h a p te r  d e m o n s t r a te  fo r  th e  f ir s t  t im e  a d e ta i le d  d e s c r ip t io n  o f  th e  
b e h a v io u r  o f  c h ic k  b la s to d e r m  c e lls  c u l tu r e d  o n  th e  o u t e r  s u r f a c e  o f  th e  
v ite lline  m e m b ran e , b a sed  on light and  transm ission  e le c tro n  m icroscopy.
T h e  d e e p  la y e r  c e lls  o f  th e  b l a s to d e r m  p ie c e s ,  c u l tu r e d  w ith  t h e i r  
e c to d e rm  u p  o r  dow n  o n  th e  o u te r  su rfa c e  o f  th e  v ite llin e  m e m b ra n e , show  
on ce  aga in  th e ir  consis ten t b eh av io u r d iscussed above  nam ely  by be in g  always 
th e  first to  a tta ch  to  th e  v ite lline  m em b ran e . H ow ever, w h en  it com es to  th e ir  
n e x t s te p , w h ich  is th e ir  c e n tr ifu g a l ex p an sio n , th ey  a re  p re v e n te d  fro m  d o in g  
so.
A lth o u g h  th e  m o le c u la r  d if f e re n c e s  b e tw e e n  th e  tw o  s u r f a c e s  o f  th e  
v ite llin e  m e m b ra n e  hav e  n o t b e e n  c o m p le te ly  e lu c id a te d , C o o k  et. al. (1985 ) 
r e p o r te d  th e  exclusive localisation  o f an  en d o g en o u s lectin  in th e  o u te r  layer o f 
th e  m em b ran e . T hey  suggested  th a t this lectin  m ay b e  involved in th e  tra n sp o rt 
o f  so lu te s  a c ro ss  th e  v ite llin e  m e m b ra n e  as w ell as in p ro v id in g  b a c te r ic id a l  
p ro p e r t ie s  to  th e  egg. T h e y  a lso  su g g e ste d  th a t  s ince  it is a b s e n t  in  th e  in n e r  
lay e r  o f  th e  m e m b ra n e , it h a s  no  ro le  to  p lay  d u rin g  b la s to d e rm  e x p a n sio n . 
L ash  et. al. (1990) suggested  th a t th e  p resen ce  o f th is lec tin  in th e  o u te r  layer o f 
th e  v ite llin e  m e m b ra n e  m ay  h av e  p lay e d  an  im p o r ta n t  ro le  in  p re v e n tin g  th e
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m igra tion  o f  b las tode rm s  on this surface o f  the  vitelline m e m b ra n e ,  as o u tlined  in 
the  expe r im en ts  o f  N ew  (1956) and  C h e rn o ff  and  O v e r to n  (1977).
T h e  results  r e p o r te d  in the  cu rren t  work, a l though  they  do  n o t  con trad ic t  
t h e  p r e v i o u s  r e p o r t s ,  s u g g e s t  a n o t h e r  m o r e  l ik e ly  c a u s e  f o r  t h e  l a c k  o f  
m o v e m e n t  o f  e x tra e m b ry o n ic  cells w h e n  c u l tu re d  on  th e  o u t e r  su r fa c e  o f  th e  
v i te l l in e  m e m b r a n e .  T h is  is t h e  p h y s ic a l  p r o p e r t i e s  o f  th is  s u r f a c e  o f  th e  
m e m b ra n e .
It  is well  d o c u m e n te d  th a t  w hile  th e  in n e r  su rfa c e  o f  th e  m e m b r a n e ,  on  
w hich edge  cells norm ally  m ove, is m a d e  o f  a  m eshw ork  o f  f ibres 0.2-0.6 um  in 
d ia m e te r  , th e  o u te r  surface o f  the  vitelline m e m b ra n e  is m a d e  o f  severa l layers 
o f  a  m esh w o rk  o f  f ibres only 15 nm  in d iam ete r .  I believe  th a t  while th e  inner  
s u r f a c e  o f  t h e  v i te l l in e  m e m b r a n e  p ro v id e s  a  s u i t a b le  s u b s t r a tu m  f o r  t h e  
e x t r a e m b ry o n ic  cells to  craw l on, th e  o u te r  su rfa c e  o f  th is  m e m b r a n e  is to o  
fluid to  w ithstand  the  crawling m o v em e n t  o f  these  cells an d  in tu rn  its layers o f  
fine fibres b re a k  dow n u n d e r  the  trac tiona l  force  o f  the  cu ltu red  cells. A s on e  
layer o f  this su rface  b reak s  down, a n o th e r  layer b eco m es  available  fo r  th e  cells 
to  a t ta ch  to  a n d  a t te m p t  to  m ove on, and  the  cycle is r e p e a te d  again  an d  again. 
T h e r e f o r e ,  th e  ce n tr ifu g a l  m o v e m e n t  o f  th e  b la s to d e rm  cells, e i th e r  e d g e  o r  
n o n -edge  cells, is p rev e n te d  by th e  lack o f  a  suitable  subs tra tum .
H a r r i s  a n d  c o -w o rk e rs  (1980 & 1981) sh o w e d  th a t  highly  m o ti le  cells, 
such  as leu k o c y te s  d o  n o t  d e fo rm  th e i r  s il icone  r u b b e r  s u b s t r a tu m ,  w hile  th e  
less active fibroblasts  cause  extensive wrinkling o f  the  ru b b e r  indicating th a t  the  
c e l l s  a r e  u n d e r  t e n s i o n .  B u r r i d g e  (1 9 8 1 )  s u g g e s t e d  t h a t  t h i s  t e n s i o n  is 
g e n e r a t e d  b y  s t r e s s  f ib r e s  w h ic h  e n d  in s t r o n g  a d h e s i o n  p o i n t s  w i th  t h e  
subs tra tum . L ight and  T E M  revea led  th a t  ex tra-em bryonic  cells cu ltu red  on  the  
o u t e r  su r fa c e  o f  th e  v ite ll ine  m e m b r a n e  c a u se  n o t  only  th e  w r ink ling  o f  th e  
su b s tra tu m  b u t  also the  collapse o f  the  fibres which consti tu te  this subs tra tum . 
It seem s very  likely th a t  these  cells b eh av e  like fibroblasts  cu ltu red  on  silicone 
ru b b e r  in th a t  they  a d h e re  strongly to  the  su b s tra tu m  by s trong  ad h e s io n  po in ts
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an d  th a t  they  a re  u n d e r  tension. T h e  la t te r  suggestion is b a sed  on  the  fact th a t  
highly  o r d e r e d  a rray s  o f  m ic ro f i lam en ts ,  w hich  c o r r e s p o n d  to  s tre ss  f ib re s  in 
s ta t io n a ry  f ib ro b la s ts ,  a re  very  fam ilia r  in th e  cy to p la sm  o f  th e s e  cells. H e r e ,  
how ever, ten s ion  is g e n e ra te d  in response  to  a  too  fluid su b s tra tu m  w hich does  
n o t  p rov ide  eno u g h  res is tance  to the  trac tional  force  ex e r ted  by th e  cells. T h e  
latter , th e re fo re ,  ca n n o t  m ove fo rw ard  b u t  instead  d istort  the  subs tra tum .
A s  a  c o n f i rm a t io n  fo r  th e  a b o v e  sugges t ion  th a t  th e  b u n d le s  o f  m ic ro ­
f i l a m e n ts  d e s c r i b e d  a b o v e  a r e  a  r e s u l t  o f  a n  u n u s u a l ly  s t r o n g  a s s o c i a t i o n  
b e tw e e n  th e  cu ltu red  ex tra -em bryonic  cells an d  the ir  above  subs tra tum , w h en  
su c h  ce lls  a r e  c u l t u r e d  o n  th e  i n n e r  s u r f a c e  o f  t h e  v i te l l in e  m e m b r a n e  ( s e e  
6.1.2) th e y  d isp lay  n o  such  b u n d le s  o f  m ic ro f i la m en ts  a n d  c a u se  n o  a p p a r e n t  
wrinkling to  this subs tra tum , indicative o f  less a t ta c h m e n t  o f  th ese  cells to  th a t  
su b s t r a tu m .  In d e e d ,  if w e look  b a c k  a t  th e  b e h a v io u r  o f  cells d u r in g  th e  ea rly  
s t a g e s  o f  c h ic k  e p ib o l y  ( 3 .3 )  w e  n o t i c e  n o  s u c h  b u n d l e s  in  t h e  e d g e  c e l ls ;  
how ever, du r ing  the  la te  stages o f  epiboly  w e find th a t  th e re  a re  d e n se  p laques  
b e tw e e n  th e  s ta t io n a ry  e d g e  cells a n d  th e i r  s u b s t r a tu m  a n d  t h a t  b u n d le s  o f  
m ic ro f i la m e n ts  a r e  a p p a r e n t  in th e  m icrov il lous  p ro je c t io n s  w h ich  p e n e t r a t e  
in to  th e  v i te l l ine  m e m b r a n e ’s in n e r  su rface .  W e  a lso  n o t ic e  t h a t  th e  v i te ll ine  
m e m b ra n e  is w rink led  a t  a re a s  o f  s ta t ionary  cell a t ta ch m e n t .  Such  w rinkling o f  
the  in n e r  su rface  o f  the  vitelline m e m b ra n e  has also b e e n  o b se rved  du r ing  the  
s tag e  a t  w h ich  e c to d e rm a l  cells o ccupy  th e  sp a ce  o f  th e  d e a d  e d g e  cells a n d  I 
expect th ese  cells to  possess similar bund les  o f  m icrofilam ents.
This  w o rk  on  the  b eh av io u r  o f  ex tra-em bryonic  cells on  the  o u te r  su rface  
o f  t h e  v i t e l l i n e  m e m b r a n e ,  a l t h o u g h  i t  d o e s  n o t  q u e s t i o n  t h e  p r e v i o u s  
sugges t ions  as  to  th e  c a u se  o f  th e  a b s e n c e  o f  ac tive  m o v e m e n t  o f  e x p la n ts  o n  
this su b s tra tu m , conc ludes  th a t  the  lack o f  such m o v em e n t  seem s m o st  likely to 
be  b e c a u s e  a  c o m b in a t io n  o f  tw o in te r r e la t e d  fac to rs ;  a )  th e  lack  o f  e n o u g h  
re s is ta n c e  o f  s u b s t r a tu m  to  th e  t ra c t io n a l  fo rc e  e x e r te d  by th e  a t t a c h e d  cells 
which in tu rn  resu lts  in the  lack o f  enough  pu rch ase  for the  cells to  m ove  a n d  b)
184
the  cells stick m o re  strongly to  the  subs tra tum  in the  "hope" th a t  they  m ay  m ove, 
h o w e v e r ,  th e  s t ro n g e r  th e  a t t a c h m e n t  b e c o m e s  th e  m o re  s ta t io n a ry  th e  cells 
b e c o m e .  T h e  d i f fe re n t  layers  o f  th e  o u te r  su rfa c e  o f  th e  v i te l l ine  m e m b r a n e  
b re a k  dow n as a  resu lt  o f  the  con tinuous trac tiona l  force  o f  th e  c u ltu red  cells.
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CHAPTER SEVEN
Immimofluorescent staining for M icrotubules. M icrofilaments 
and Fibronectin in the chick blastoderm, and effects o f 
colchicine and cvtochalasin D on blastoderm cell shape
7.1 M icrotubules:
7.1.1 INTRODUCTION:
T h e  d e p e n d e n c y  o f  ch ick  e p ibo ly  o n  a n  in ta c t  sys tem  o f  m ic ro tu b u le s  in 
its lead ing  edge  cells has b e e n  subject to  several investigations. H ow ever ,  the  
resu lts  o f  such investigations do  n o t  prov ide  genera l  a g re e m e n t  on  this subject, 
j u s t  as t h e r e  h a s  b e e n  n o  a g r e e m e n t  as to  th e  im p o r ta n c e  o f  m ic ro tu b u le s  in 
m a in ta in in g  th e  in teg r i ty  o f  th e  e p i th e l ia l  cells a n d  th e i r  ability  to  m o v e  in a 
p a r t i c u l a r  d i r e c t i o n  (V a s l ie v  et. a l., 1970; E u t e n e u r  a n d  S ch l iw a ,  1984 a n d  
W o n g  a n d  G o ttlieb , 1988). D ow nie  (1975) t re a te d  early  chick b las to d e rm s  in 
N ew  cu ltu re  w ith  th e  m icro tubu le-d istu rb ing  d rug  colchicine an d  r e p o r te d  th a t  
such  t r e a tm e n t  led  to  th e  a r r e s t  o f  b la s to d e rm  e x p a n s io n .  H e  su g g e s te d  th a t  
such  a r re s t  o f  b la s to d e rm  expansion  was a resu lt  o f  the  effect o f  th e  d rug  on  the  
e p ib l a s t ,  e c to d e r m a l ,  ce lls  r a t h e r  t h a n  th e  ce lls  o f  t h e  l e a d in g  e d g e  s in c e  
m ig ra tion  o f  th e  la t te r  cells will con tinue  in the  p re se n c e  o f  colchicine w h e n  the  
c e n t r e  o f  th e  b la s to d e rm  is excised. T h e  d ru g  is th o u g h t  to  i n te r f e r e  w ith  th e  
f l a t t e n i n g  o f  t h e  e c t o d e r m a l  c e l l s ,  t h u s  p r e v e n t i n g  t h e  w h o l e  s h e e t  f r o m  
expanding .
C h e rn o ff  and  O v er to n  (1979) m a d e  a similar study on  m ainly d issociated  
chick b la s to d e rm  cells f rom  stage 1 or  s tage 7-9 (H & H )  em bryos  in vitro using 
c o lc e m id  a n d  co ld  t r e a tm e n t .  T h e i r  re su l ts  s u p p o r t e d  th e  f ind ings  o f  D o w n ie  
(1975) in suggesting th a t  m icro tubu les  a re  o f  little im p o r ta n c e  in the  m o v e m e n t  
o f  chick b la s to d e rm  edge  cells.
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M a r e e l  et. al. ( 1 9 8 4 )  m a d e  a n o t h e r  s tu d y  o n  t h e  i m p o r t a n c e  o f  t h e  
m ic ro tubu le  system  on  b las to d e rm  expansion  b u t  the ir  results  con trad ic t  b o th  
those  o f  D ow nie  (1975) an d  C h ern o ff  an d  O v e r to n  (1979). T hey  r e p o r te d  th a t  
t r e a tm e n t  o f  in ta c t  b la s to d e rm s  as well as f ra g m e n ts  o f  th e  b la s to d e rm  e d g e  
w ith  th e  m ic ro tu b u le  in h ib i to rs  taxol a n d  N o c o d a z o le  led  to  a  r a p id  a r r e s t  o f  
th e i r  e x p a n s io n ,  suggest ing  t h a t  m ic ro tu b u le s  p lay  a n  im p o r ta n t  ro le  in th e  
m ig r a t io n  o f  t h e  b l a s t o d e r m  e d g e  a n d ,  t h e r e f o r e ,  b l a s t o d e r m  e x p a n s io n .  
C o n tra ry  to  the  finding o f  D ow nie  (1975) th a t  b la s to d e rm  expansion  resu m es  if 
th e  c e n tre  o f  co lch ic ine-trea ted  b las tode rm s  is excised, M a re e l  a n d  co-w orkers  
c la im ed  that ,  in th e ir  t re a te d  b las toderm s, edge  m igra tion  is ha l te d  even  if the  
c e n t r e  o f  t h e  b l a s t o d e r m  is e x c i s e d ,  i n d i c a t i v e  o f  t h e  i m p o r t a n c e  o f  
m ic ro tubu les  in the  ability o f  edge  cells to  m igrate.
T h e  o r i g i n a l  a im  o f  t h e  c u r r e n t  w o r k  w a s  t o  s t u d y  m i c r o t u b u l e  
d is t r ib u t io n  in n o rm a l  a n d  c o lc h ic in e - t r e a te d  in ta c t  b la s to d e rm s  a t t a c h e d  to  
th e i r  s u b s t r a tu m ,  th e  v ite ll ine  m e m b r a n e ,  us ing  in d ire c t  im m u n o f lu o re s c e n t  
sta in ing  with special re fe re n c e  to  the  d istr ibu tion  o f  m ic ro tubu les  in th e  lead ing  
e d g e  c e l l s .  H o w e v e r ,  t h i s  a im  w a s  h a m p e r e d  b y  t h e  s i m p l e  f a c t  t h a t  
m i c r o t u b u l e  d i s t r i b u t i o n  w a s  v e ry  d i f f ic u l t  to  s tu d y  in  i n t a c t  e d g e s  in  t h e  
p r e s e n c e  o f  t h e  v i te l l in e  m e m b r a n e  w h ic h  b e c o m e s  o p a q u e  d u r in g  t is su e  
p r o c e s s in g  ( F ig .7 .1 ) .  T h e  a im  w a s  t h e r e f o r e  c h a n g e d  to  s tu d y in g  th e  s a m e  
p ro b le m  b u t  on  a glass subs tra tum . In addition, only o n  the  effect o f  the  d rug  
o n  th e  s h a p e  o f  th e  e d g e  cells w as  s tu d ie d  a n d  n o t  th e i r  m ig ra t io n ,  s ince  th e  
lead ing  edge  cells do  n o t  m ig ra te  as well on  a glass su b s tra tu m  as they  norm ally  
d o  o n  th e  v i te l l ine  m e m b r a n e .  T h e  e ffec t  o f  th e  d ru g  o n  n o rm a l  s h a p e  o f  th e  
d e e p  layer cells was also investigated.
7.1.2 Methods:
T h e  d e ta i led  m eth o d s  followed a re  ou tlined  in 2.5.1 &  2.5.2. Basically, 1- 
2 day  o ld  b la s to d e rm s  w e re  re m o v e d  f ro m  th e  v ite ll ine  m e m b r a n e  a n d  p iec e s  
o f  b la s to d e rm  including an  edge  o r  lacking it w e re  cu ltu red  on  glass coverslips.
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T h e s e  w e re  left to  a t tach  to  the  subs tra tum  for 2 to  48 hou rs  th e n  t r e a te d  with 
colchicine (0.1 ^ ug/ml) for d ifferen t t im es to study the  effect o f  the  d rug  on  the  
s h a p e  o f  e d g e  a n d  d e e p  layer  cells. In so m e  in s tances ,  th e  d ru g  w as  a d d e d  to  
th e  cu ltu re  m ed iu m  b e fo re  a t ta c h m e n t  to  see  if th a t  in te rfe res  with the  ability 
o f  e d g e  a n d  d e e p  l a y e r  c e l l s  t o  a t t a c h  to  t h e i r  s u b s t r a t u m .  C o n t r o l  a n d  
e x p e r im e n ta l  c u l tu re s  w e re  fixed a n d  s ta in e d  fo r  m ic ro tu b u le  d is t r ib u t io n  by 
ind irec t  im m unofluo rescence .
7.1.3 R E S U L T S :
7.1.3.1 T h e  n o rm a l d istr ibu tion  o f  m icro tubu les  in vitro:
E d g e  ce lls  g ro w n  o n  a g lass  s u b s t r a tu m  fo r  2 -48  h o u r s  s p r e a d  b r o a d  
lead ing  lam ellae  which a re  very rich in m icro tubules . Individual m ic ro tubu les  
e x te n d  f ro m  th e  n u c le u s  to  th e  t ip  o f  th e  sp re a d in g  lam e lla e .  In th e  p io n e e r  
edge  cells i.e. those  with a  free  lamella, the  m icro tubu les  a re  o r ie n ta te d  para lle l  
to  th e  d irec tion  o f  spreading . Cells which a re  loca ted  im m edia te ly  b e h in d  these  
c e l l s  s h o w  t h a t  m i c r o t u b u l e s  a r e  o r i e n t a t e d  p r e d o m i n a n t l y  t o w a r d s  t h e  
d i r e c t i o n  o f  e x p a n s io n .  H o w e v e r ,  m o r e  p ro x im a l ly  l o c a t e d  ce lls  sh o w  n o  
p a r t icu la r  d istr ibu tion  o f  m icro tubu les  (Fig.7.2a).
T h e  d e e p  lay e r  cells w hich  a t ta c h  to  th e  glass s u b s t r a tu m  a t  th e  s ide  o f  
th e  c u l t u r e  o p p o s i t e  to  th e  le a d in g  e d g e  ce lls  sh o w  a s im i la r  d i s t r ib u t io n  o f  
m ic ro tu b u le s  as  fo r  th e  e d g e  cells i.e. th ey  e x te n d  p a ra l le l  to  th e  d i re c t io n  o f  
m o v e m e n t  f r o m  a r o u n d  t h e  n u c l e u s  to  t h e  t i p  o f  t h e  l e a d i n g  l a m e l l a e  
(Fig.7.2b).
I t  w a s  n o t  p o s s ib l e  f o r  m e  to  s tu d y  in a n y  d e t a i l  t h e  o r g a n i s a t i o n  o f  
m ic ro tu b u le s  in th e  e c to d e rm a l  cells w hich  c o n s t i tu te  th e  c e n t r a l  p a r t  o f  th e  
cu l tu res .  T h e  m a in  r e a s o n  fo r  this w as  th a t  th e  d e e p  laye r  cells o v e r la p  th e  
ec to d e rm a l  cells in this a re a  obscuring  m ic ro tubu le  d is tr ibu tion  in b o th  layers. I 
f o u n d  it i m p o s s i b l e  to  g e t  r id  o f  d e e p  l a y e r  c e l l s  f r o m  t h e  s u r f a c e  o f  t h e  
e c to d e rm  w i th o u t  d is tu rb in g  th e  a t t a c h e d  m arg in a l  cells, e v e n  a f t e r  fixation .
188
It is w orth  m en tion ing  h e re  th a t  the  m ic ro tubu le  organising ce n tre  in the  
m a jo r i ty  o f  ce lls  w i th  f r e e  l a m e l la e  w as  l o c a t e d  in f r o n t  o f  t h e  n u c le u s  i.e. 
b e tw e e n  th e  nucleus  an d  the  free  lead ing  lam ella  (Fig.7.3a).
7.1.3.2 T h e  effect o f  colchicine on  th e  shape  of  e d ge an d  d e e p  layer cells in vitro:
T r e a t m e n t  o f  c u l tu r e s  w i th  c o lc h ic in e  r e s u l t e d  in t h e  d e s t r u c t i o n  o f  
m ic ro tubu le  systems in b o th  edge  cells an d  d e e p  layer cells. H ow ever ,  in b o th  
cell types, colchicine t re a tm e n t  did no t  affect th e  gene ra l  sh a p e  o f  th e  cells o r  
th e i r  la m e l la e  w h ich  still s h o w e d  typ ica l  s p re a d in g  o n  glass (F ig .7 .3b ) .  E v e n  
w h e n  c o lc h ic in e  w a s  a d d e d  to  th e  c u l tu r e  m e d iu m  b e f o r e  th e  b l a s t o d e r m  
e x p la n t  h a d  a t t a c h e d  to  t h e  s u b s t r a t e ,  t h e  c u l tu r e s  a t t a c h e d  r e a d i ly  to  t h e  
s u b s t r a tu m  a n d  s p re a d  th e i r  la m e lla e  o n to  it in th e  u su a l  way. T h is  w as t ru e  
b o th  fo r  explan ts  with an  in tact no rm a l  edge, and  for those  lacking it.
7.2M icrofilam ents: 
7.2.1 Introduction:
T h e  only  p rev io u s  w o rk  d o n e  o n  th e  d is t r ib u t io n  o f  m ic ro f i la m e n ts  in 
chick ex traem bryon ic  cells is th a t  o f  C h e rn o ff  an d  O v e r to n  (1979). T h a t  w ork  
did n o t  look  specifically for these  s truc tu res  in edge  cells an d  th e  effect o f  the ir  
des truc tion  on  th ese  cells, b u t  was r a th e r  c o n cern ed  with th ese  s truc tu res  in the  
w hole  b la s to d e rm  an d  in d issociated  ex traem bryon ic  cells.
M y w o rk  w as des igned  to  look  for m icrofi lam ent d istr ibu tion  in e d g e  cells 
a n d  the  effec t th a t  des truc tion  o f  these  s truc tu res  h a d  on  th ese  cells. H ow ever ,  
th e  p re se n c e  o f  the  vitelline m e m b ra n e  m a d e  it im possible  to  ach ieve  this task  
a n d ,  as in th e  c a se  o f  m ic ro tu b u le  d is t r ib u t io n ,  th e  a im  o f  th e  w o rk  h a d  to  b e  
ch an g ed  to  using a glass su b s tra tu m  to  look only on  the  effect o f  m ic ro fi lam en t  
des truc tion  on  th e  sh ap e  o f  cu ltu red  edge  an d  d e e p  layer cells.
7.2.2 Methods:
T h e  m e t h o d  u s e d  w as  b a s ic a l ly  t h e  s a m e  as  f o r  m ic r o tu b u l e s  (7 .1 .2 ) .
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C y to c h a la s in  D , a  m ic ro f i la m e n t  inh ib i to r ,  w as a d d e d  to  th e  c u l tu re  m e d iu m  
e i th e r  b e fo r e  th e  a t t a c h m e n t  o f  th e  b la s to d e rm  p ieces ,  so o n  a f te r ,  o r  m u c h  
la te r ,  t h e n  c o n tro l  a n d  e x p e r im e n ta l  cu l tu re s  w e re  fixed a n d  s ta in e d  fo r  ac tin  
d istr ibu tion  using indirect im m unofluorescence .
7 .2 3  Results:
7.2.3.1 T h e  d is t r ib u t io n  o f  m ic ro f i la m en ts  in n o rm a l  lea d in g  e d g e  a n d  d e e p  
layer cells in vitro:
T h e  o r ie n ta t io n  o f  m ic ro f i la m en ts  in c u l tu re d  e d g e  a n d  n o n -e d g e  cells 
w as h a rd  to  d e te rm in e  even  u n d e r  the  highest reso lu tion  availab le  w ith  o u r  U V  
m icroscope . It has  b e e n  shown how ever  that, a t  least in d issociated  edge  cells, 
m ic r o f i l a m e n t s  a r e  d i s t r ib u t e d  all a r o u n d  th e  e d g e  o f  t h e  ce lls  a n d  in th in  
f ilopodia  ex tend ing  f rom  the  leading lam ellae  (C h e rn o f f  an d  O v er to n , 1979).
A t  s e v e r a l  p o i n t s  in  t h e  c u l t u r e d  c e l l s ,  t h e r e  w a s  a h i g h  l e v e l  o f  
im m u n o f lu o re s c e n t  s ta in ing  fo r  m ic ro f i la m en ts .  T h e s e  p o in ts  s e e m e d  to  b e  
foci fo r  d e n s e  a rra y s  o f  m ic ro f i la m en ts  n e a r  th e  cell- s u b s t r a tu m  a t t a c h m e n t  
sites (Fig.7.4).
1.2 .3 .2  E ffects o f  cytoch a lasin  D on the shape o f  the lead ing  edge and deep  
layer cells:
U n l ik e  co lch ic ine , cy tocha las in  D  h a d  w ide  e ffec ts  o n  th e  cell s h a p e  o f  
c u l tu re d  b la s to d e rm  p ieces .  T h e s e  e ffec ts  w e re  r e l a te d  to  th e  t im e  a t  w h ich  
th e s e  p iec e s  w e re  e x p o se d  to  th e  d rug . If  th e  d ru g  w as  a d d e d  to  th e  c u l tu re  
m e d iu m  b e fo r e  th e  b la s to d e rm  ex p lan ts  w e re  in t r o d u c e d  to  th e  c u l tu re  dish, 
exp lan ts  failed to  a t ta ch  to  the  subs tra tum , even  with an  e x te n d e d  cu ltu re  tim e. 
If  th e  p ie c e s  c o n c e r n e d  w e re  a l low ed  to  a t ta c h  to  th e  g lass s u b s t r a tu m  fo r  a 
s h o r t  t im e  (2 -4  h o u r s )  b e f o r e  a d d in g  th e  d ru g ,  th e  ce lls  d e t a c h e d  f ro m  th e  
s u b s t r a tu m  w ith in  5-10 m in u tes .  W h e n  th e  d ru g  w as  a d d e d  to  th e  m e d iu m  
a f te r  th e  b la s to d e rm  p ieces h a d  b e e n  in cu lture  for 24-48 ho u rs  th e  cells, edge  
a n d  n o n - e d g e  o n e s ,  d id  n o t  d e t a c h  f ro m  th e  g lass  s u b s t r a t u m  b u t  s h o w e d
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d ram a tic  effects on  cell shape  (Fig.7.5). T h e  outlines o f  cells could  no  longer be  
r e c o g n is e d  a n d  th e  la m e lla e  o f  th e  cells co l la p sed  e x c ep t  fo r  so m e  f i lo p o d ia  
con ta in ing  bund les  o f  m icrofilam ents  which e x tended  from  a ro u n d  th e  nucleus 
a n d  e n d e d  in  p o i n t s  o f  h ig h  i m m u n o f l u o r e s c e n t  s t a i n in g  w h e r e  t h e  c e l ls  
a t ta c h e d  to  th e  glass substra tum .
7 3  Fibronectin:
73 .1  Introduction:
V e r y  few  s tu d ie s  h a v e  b e e n  d e s ig n e d  to  e x a m in e  th e  d i s t r ib u t io n  o f  
f i b r o n e c t i n  in  t h e  e a r ly  c h ic k  b l a s t o d e r m  a n d  i ts  r e l a t i o n  to  b l a s t o d e r m  
e x p a n s io n .  M o n n e t -T s c h u d i  et. al. (1985) r e p o r t e d  th a t  th e  d is t r ib u t io n  a n d  
in ten s i ty  o f  f ib ro n e c t in  in th e  b a sa l  la m in a  o f  th e  e c to d e rm a l  cells d e c re a s e d  
p ro g re ss iv e ly  f ro m  th e  c e n t r e  o f  th e  b la s to d e rm  to w a rd s  th e  le a d in g  e d g e  in 
s ta g e  4-6 b la s to d e rm s .  A s fa r  as th e  d is t r ib u t io n  o f  f ib ro n e c t in  in th e  lea d in g  
edge  was concerned , they  r e p o r te d  th a t  it fo rm s a n e tw o rk  o f  coarse  e lem en ts  
o r i e n t e d  p a r a l l e l  t o  t h e  e d g e  a n d  t h a t  f i b r o n e c t i n  i m m u n o r e a c t i v i t y  w a s  
a ssoc ia ted  b o th  with the  dorsa l an d  ven tra l  surfaces o f  th e  edge  cells. T h ey  also 
c o n d u c te d  a n  im m u n o - e l e c t r o n  m ic ro s c o p y  in v e s t ig a t io n  u s in g  P r o t e i n  A  
b o u n d  to  co llo ida l  go ld  a n d  r e p o r t e d  in te rn a l is e d  s ta in in g  c o n ta in e d  in in tra -  
cytoplasm ic vesicles in th e  ec tode rm a l  cells. Similar sta in ing was occasionally  
s e e n  in  e d g e  c e l l s .  T h e y  r e p o r t e d  t h a t  d e e p  l a y e r  c e l l s  h a v e  t h e  s a m e  
d istr ibu tion  o f  f ib ronectin  as the  leading edge  cells i.e. a ro u n d  a n d  occasionally  
inside th e  d e e p  layer cells.
L a s h  et. al. (1990) r e p o r t e d  s im ila r  light m ic ro sc o p y  re su l ts  to  th o s e  o f  
M o n n e t-T sc h u d i  et. al. (1985) except th a t  they  c la im ed f ib ronectin  to  b e  a b sen t  
f ro m  th e  distal tips o f  the  edge  cells. A bsence  o f  f ib ronectin  s ta ining f rom  the  
d is ta l  t ip  is no t ,  ho w ev er ,  obv ious  f ro m  th e  only  f igu re  (F ig . 7) th e y  show  to  
s u p p o r t  this claim. Indeed , Fig. 7 shows a b u n d a n t  f ib ronectin  s ta ining a ro u n d  
th e  l a t e r a l  s id e s  o f  n e a r b y  e c to d e r m a l  ce lls ,  i n d ic a te d  as  n o t  sh o w in g  su c h
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sta ining in som e  previous studies (M ayer  et. a l ,  1981 an d  H a rr is so n  et. a l, 1984).
M o r e  r e c e n t l y  R a d d a t z  et. al. ( 1 9 9 1 )  s t u d i e d  t h e  d i s t r i b u t i o n  o f  
f ib ro n e c t in  b e fo r e  th e  a t t a c h m e n t  o f  e d g e  cells to  th e  v i te ll ine  m e m b r a n e  in 
s tage  X -X III  (Eyal-G iladi an d  Kochav, 1976) em bryos. T h e y  r e p o r te d  th a t  the  
s t a t io n a r y  lo o s e  ce lls  o f  th e  e d g e  s h o w e d  n o  s ta in in g  f o r  f ib r o n e c t in .  T h e y  
su g g e s te d  th a t  th e  a p p e a r a n c e  o f  f ib ro n e c t in  d u r in g  th e  s tages  a t  w h ich  th e  
b la s to d e rm  is expanding  (M onne t-T schud i et. a l ,  1985 and  L ash  et. a l ,  1990) 
m ay  b e  necessary  for the  t ran sfo rm ation  o f  the  originally s ta t ionary  an d  loose 
edge  cells to  an  o rgan ised  unit o f  actively m igrating cells.
73 .2  Methods:
1-3 day  b la s to d e rm s  w e re  e x a m in e d  fo r  th e  d is t r ib u t io n  o f  f ib ro n e c t in  
using the  m e th o d s  o f  H arrisson  et. a l  (1984) an d  Ostrovsky ef. al. (1983).
7 3 3  Results:
7 .3 .3 .1  T h e  d i s t r ib u t io n  o f  f ib r o n e c t in  in t h e  c h ic k  b l a s t o d e r m  area opaca  
b e fo re  the  edge  has passed  the  e q u a to r  o f  the  egg :
I n i t i a l ly  I u s e d  t h e  m e t h o d  o f  H a r r i s s o n  et. al. ( 1 9 8 4 )  to  s tu d y  t h e  
d is t r ib u t io n  o f  f ib ro n e c t in  in w ax e m b e d d e d  b la s to d e rm s .  T h e  re su l ts  o f  this 
m e th o d  rev e a le d  th a t  f ib ronectin  is found  mainly in the  basal  lam ina  to  which 
the  basa l  side o f  the  e c to d e rm a l  cells is a t tached . F ib ronec t in  activity is p re se n t  
in th is  b a s a l  la m in a  f ro m  th e  c e n t r e  o f  th e  b la s to d e rm  to  th e  p e r ip h e ry  o f  th e  
l e a d in g  e d g e  (F ig .7 .6 a ) .  C o n t r a r y  to  th e  f in d in g s  o f  M o n n e t - T s c h u d i  et. a l  
( 1 9 8 5 ) ,  I w a s  n o t  a b l e  to  d e t e c t  in a n y  o f  t h e  b l a s t o d e r m s  I s t u d i e d  a n y  
f ib ronectin  s ta ining a t  e i the r  the  dorsal o r  ven tra l  surfaces o f  the  lead ing  edge  
cells. H ow ever ,  staining for f ibronectin  was som etim es  fo u n d  to  b e  localised  in 
a  f e w  p o i n t s  i n s id e  s o m e  o f  t h e  e d g e  c e l ls  ( F i g . 7 .6 b ) .  T h i s  s t a i n i n g  m a y  
c o rre sp o n d  to  the  in ternalised  f ibronectin  r e p o r te d  by M o n n e t-T sch u d i  an d  his 
colleagues, though  I have no  p ro o f  o f  this.
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Follow ing  th e  p u b l ic a t io n  o f  L ash  et. aVs (1990) p a p e r  w h ich  r e p o r t e d  
similar b u t  no t  identical findings to those  o f  M onne t-T schud i  an d  co-w orkers, I 
looked  again  a t  f ib ronectin  distr ibution using this t im e  the  m e th o d  o f  O strovsky 
et. al. (1983) which was used  by L a sh ’s t e a m  a n d  which involves looking a t  the  
d i s t r i b u t i o n  o f  f i b r o n e c t i n  in a r a l d i t e - e m b e d d e d  m a t e r i a l .  T h e  r e s u l t s  I 
o b ta in e d  a re  similar to  my original results  and  a re  a t  va riance  with L ash  et. a l’s . 
F ib ro n ec t in  staining is res tr ic ted  to  the  basal  lam ina  o f  the  e c to d e rm a l  p a r t  of 
th e  b la s to d e rm  a n d  to  a few  spo ts  inside  th e  e d g e  cells (F ig .7 .7).  D u e  to  th e  
th in n e ss  o f  sec t io n s  p r e p a r e d  by th is  m e th o d  (on ly  1 u m  th ick ) ,  th e  s ta in in g  is 
no t  as s trong  as in sections s ta ined  accord ing  to  the  m e th o d  o f  H a rr is so n  et. al. 
(1984).
1.3.3.2 Fibronectin distribution at the later stages o f epiboly:
Sections cut th rough  the  s ta tionary  streaks  o f  la te  b las to d e rm s  (3 day o r  
o l d e r )  r e v e a l e d  t h a t  s ta in in g  fo r  f ib r o n e c t in  is s im i la r  to  t h a t  o f  t h e  e a r l i e r  
s ta g e s  e x c e p t  fo r  th e  a d d i t io n  o f  loca lised  s ta in ing  o n  so m e  a re a s  o f  th e  in n e r  
su rface  o f  th e  vitelline m e m b ra n e  w h ere  the  sta t ionary  edge  cells a re  a t tached . 
S u ch  s ta in in g  is a b s e n t  in s im ila r  a re a s  o f  th e  v ite ll ine  m e m b r a n e  d u r in g  th e  
e a r ly  s ta g e s  o f  e p ib o ly  a n d ,  d u r in g  th e  l a t e r  s ta g e s ,  in a r e a s  o f  t h e  v i te l l in e  
m e m b r a n e  w h e re  no  s ta tionary  cells a re  a t ta ch e d  (Fig.7.8).
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F ig .7.1 a-  I m m u n o f l u o r e s c e n t  m ic r o g r a p h  s h o w in g  t h e  d i f f ic u l ty  in 
visualising m icrotubules in the  leading edge cells (L E )  in th e  p re se n c e  o f  
the  vitelline m em brane . E =  ec toderm . B a r =  50 «m .
Fig.7.1 b- Im m u n o f lu o re s c e n t  m ic ro g ra p h  o f  th e  e c to d e rm a l  p a r t  o f  th e  
above specim en (E), showing the  sam e p rob lem  as above. E =  ec to d e rm ; 
a r ro w h e a d s=  mitotic figures. B a r =  50/um.
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Fig.7.2 a- Im m u n o f lu o re sc e n t  m ic ro g ra p h  show ing th e  d i s t r ib u t io n  o f  
m ic ro tu b u les  in cu ltu red  lead ing  edge  cells. M ic ro tu b u le s  e x te n d  f ro m  
the  perinuc lear  a re a  to the  tip of the  lam ellae  (L). In the  d ista lm ost cells 
and  the  subm arginal cells (sm) im m ediately beh ind  th em  m icro tubu les  a re  
o r ie n ta te d  tow ards  th e  d irec tion  o f  m o v em e n t.  M ic ro tu b u le s  in th e  re s t  
o f  the  edge cells, i.e. those which a re  away from  the  m argin, do  n o t  show 
any particu lar  orientation. N =  nucleus. B a r =  50 urn.
Fig.7.2 b- Im m u n o f lu o resc e n t  m ic ro g rap h  show ing th e  d is t r ib u t io n  o f  
m icro-tubules in d eep  layer cells which a ttached  to  the  su b s tra tu m  (glass) 
a t  the  o p p o s i te  s ide o f  the  cu ltu re  to  th e  lead ing  edge . T h e  d e e p  layer  
cells show similar m icrotubule  distribution as the  leading edge  cells. L =  
leading lamellae. B a r=  50/um.
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Fig.7.2a
Fig.7.2b
Fig.7.3 a- A  high magnification im m unofluorescent m ic rog raph  o f  leading 
edge cell showing m icrotubule  organising cen tre  (arrow ) loca ted  b e tw e en  
the  nucleus (N) and  the  free  leading lam ella (L). B a r =  25 u m .
Fig.7.3 b- Im m unofluorescen t m icrograph  showing th a t  colchicine caused  
the  destruction  o f  m icrotubules in cu ltured  leading edge  cells b u t  did no t 
p r e v e n t  t h e  l e a d i n g  l a m e l l a e  o f  t h e s e  ce l ls  f r o m  s p r e a d i n g  o n t o  t h e  
substra tum . L =  leading lamellae; N =  nucleus. B a r =  50/um.
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Fig.7.3a
Fig.7.3b
Fig.7.4 a- Im m u n o f lu o re sc e n t  m ic ro g ra p h  show ing th e  d i s t r ib u t io n  o f  
m ic ro f i la m e n ts  in c u l tu re d  le a d in g  e d g e  cells . N o t i c e  t h e  p r e s e n c e  o f  
s trong im m unofluorescent staining a t  som e points o f  th e  lead ing  lam ellae  
( a r r o w s )  w h ic h  m a y  b e  p o i n t s  o f  a t t a c h m e n t  o f  t h e  l a m e l l a e  to  t h e  
substra tum . L =  leading lamellae. B a r =  50 /urn.
Fig.7.4 b- Im m u n o f lu o re sc e n t  m ic ro g ra p h  s im ila r  to  ( a )  b u t  a t  th e  d e e p  
layer cell side. L =  leading lamellae. B a r =  50/um.
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Fig.7.4a
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Fig.7.4b
F ig .7.5 ( a & b ) -  I m m u n o f lu o r e s c e n t  m ic r o g ra p h  sh o w in g  th e  e f f e c t  o f  
c y to c h a la s in  D  o n  th e  s h a p e  o f  e d g e  cells  ( a )  a n d  d e e p  l a y e r  ce lls  (b ) .  
N o t ic e  th e  c o l la p se  o f  th e  u su a l  cell s h a p e  w ith  t h e  w i th d ra w a l  o f  th e  
leading lam ellae  except for a few processes extending on  the  subs tra tum . 
A rrow s show points o f  a ttachm ent. B a r =  50 um .
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Fig.7.5a
Fig.7.6 b- A n o th e r  im m u n o f lu o re sc e n t  m ic ro g ra p h  show ing  s im ila r  d is ­
t r ib u t io n  o f  f ib ro n ec t in  (a r row )  on  th e  basa l  s ide o f  th e  e c to d e rm a l  cells 
(E )  a n d  inside  som e  edge  cells (L e)  o f  a s tage  6 b la s to d e rm ,  us ing  th e  
s a m e  m e t h o d  o f  s ta in in g  as ab o v e .  A r r o w h e a d =  f ib r o n e c t in  s ta in in g  
inside the  leading edge. V =  vitelline m em brane . B a r =  50 /urn.
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Fig.7.6a
Fig.7.6b
Fig.7.7 (a& b)-  Im m unofluorescen t m icrographs showing th e  d istr ibu tion  
o f  f ibronectin  in a  stage 8 the chick b las toderm  edge using the  m e th o d  of  
O strovsky  (1983). H e r e  again , s ta in ing  fo r  f ib ro n e c t in  is p r e s e n t  o n  th e  
basal lam ina  (arrow ) of  the  ec toderm al cells (E )  an d  in som e po in ts  inside 
so m e  le a d in g  e d g e  cells  (L e )  ( a r r o w h e a d s ) .  V =  v i te l l in e  m e m b r a n e .  
B a r =  50 urn.
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Fig.7.8 (a& b)-  Im m unofluorescen t m icrograph  showing the  p re se n c e  o f  
f i b r o n e c t i n  s t a i n i n g  ( a r r o w s )  o n  t h e  i n n e r  s u r f a c e  o f  t h e  v i t e l l i n e  
m e m b r a n e  ( V )  t o  w h ic h  s t a t i o n a r y  e d g e  c e l l s  (S )  o f  a  3 - d a y  o ld  
b la s to d e rm  a re  a t ta c h e d .  N o  sim ilar s ta in ing  was d e te c te d  b e tw e e n  th e  
e d g e  cells  a n d  th e  v i te l l in e  m e m b r a n e  d u r in g  th e  e a r l i e r  s ta g e s .  ( E )  =  
ec toderm . B a r =  50 jum.
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mm.
Fig.7.8a
Fig.7.8b
7.4. DISCUSSION
7.4.1 Microtubules:
T h e  r e s u l t s  r e p o r t e d  h e r e  c o n c e r n  c e l l  s h a p e  in e x p l a n t s  o f  i n t a c t  
b l a s to d e r m  e d g e s  c u l tu re d  on  glass in th e  p re s e n c e  o r  a b s e n c e  o f  co lch ic ine . 
C o lc h ic in e  a p p e a r s  to  h a v e  n o  e f f e c t  o n  ce ll  s h a p e ,  o r  o n  th e  a b i l i ty  o f  th e  
e x p l a n t s  to  a d h e r e  to  a n d  s p r e a d  o n  t h e  g la s s  s u b s t r a t u m .  M y  i n d i r e c t  
im m u n o f lu o re s c e n c e  o b se rv a t io n s  confirm  th a t  th e  d ista l  e d g e  cells n o rm a l ly  
c o n ta in  a d is ta l ly -rad ia t in g  a r ra y  o f  m ic ro tu b u le s ,  w ith  th e i r  o rg an is in g  c e n tre  
facing the  d irec tion  o f  m igration, and  tha t  this array  is e lim ina ted  by colchicine 
t re a tm e n t .
P r e v io u s  s tu d ie s  h a v e  r e p o r t e d  s im i la r  r e s u l ts ,  in s o m e w h a t  d i f f e r e n t  
c i rc u m s ta n c e s ,  a n d  th e r e fo r e  th e se  resu l ts  a re  largely  c o n f i rm a to ry .  D o w n ie  
(1975) c u l tu re d  w h o le  b la s to d e rm s  a n d  b la s to d e rm  ed g es  in th e  p r e s e n c e  o f  
co lch ic ine ,  a n d  o b s e rv e d  e ffec ts  on  cell motility . T h is  p a p e r  a lso  r e f e r r e d  to  
u n p u b l ish ed  p re lim inary  observations  (D ow nie, 1971- thesis) on  cell sh a p e  an d  
m o ti l i ty  in co lch ic ine  t r e a te d  c u l tu re s  o f  e x tra e m b ry o n ic  e c to d e r m  o n  glass. 
D o w n ie  (1 9 7 5 )  w a s  n o t  a b le  to  g ive a d e ta i l e d  d e s c r ip t i o n  o f  m ic r o tu b u l e  
d i s t r i b u t i o n  in  i n t a c t  c e l ls .  C h e r n o f f  a n d  O v e r t o n  ( 1 9 7 9 )  f o u n d  t h a t  t h e  
p r e s e n c e  o f  c o lc e m id  (a  r e l a t i o n  o f  c o lc h ic in e )  d id  n o t  p r e v e n t  t h e  n o r m a l  
f la t ten ing  o f  the  initially ro u n d e d  cells tak e n  f rom  u n in cu b a ted  b las toderm s .
M y study has  n o t  dea lt  with th e  controversy  on  w h e th e r  m ic ro tubu les  a re  
necessa ry  fo r  ep ithe lia l  cell o r ie n ta te d  m ovem en t.  Vasiliev (1970) show ed  th a t  
in ta c t  m ic ro tu b u le s  a r e  n o t  e s sen t ia l  fo r  f ib ro b la s t  m otili ty , b u t  a r e  n e c e s sa ry  
fo r  d irec tiona l  motility. H ow ever, various studies (e.g. E u te n e u e r  a n d  Schliwa, 
1984) h a v e  s u g g e s te d  th a t  th e  s a m e  is n o t  t ru e  o f  e p i th e l ia l  cells. In te r e s t in g  
w o r k  by  G o t t l i e b  ( m o s t  r e c e n t ly  W o n g  a n d  G o t t l i e b ,  1988) u s in g  " w o u n d -
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healing" in confluen t endo the lia l  cell cultures, suggest th a t  m icro tubu les  a re  no t 
n e c e s s a r y  f o r  d i r e c t io n a l  m ig ra t io n ,  b u t  a r e  n e c e s s a r y  w h e n  ce lls  h a v e  to  
change  direction.
In  th e  case  o f  b la s to d e rm  edges  on  th e  v i te ll ine  m e m b r a n e ,  D o w n ie ’s 
w o rk  (D o w n ie ,  1975) su g g es ted  th a t  d is ru p t io n  o f  m ic ro tu b u le s  in e d g e  cells 
did n o t  s top  edge  cell m igration. M o re  recently, how ever, M a re e l  et. al. (1984) 
u s ing  b o th  taxo l a n d  N o c o d a z o le  go t  th e  o p p o s i te  re su l ts .  T h e  r e a s o n  fo r  th e  
d isc repancy  in these  results  is no t  clear.
7.4.2 M icrofllaments:
S im ila r ly ,  m y r e s u l t s  o n  th e  i m p o r t a n c e  o f  i n ta c t  m ic r o f i l a m e n t s  a r e  
essentially  confirm atory . T h e  only prev ious study using cytochalasin  (B, n o t  D  
a s  in  m y  w o r k )  to  d i s r u p t  b l a s t o d e r m  m i c r o f i l a m e n t s  is by  C h e r n o f f  a n d  
O v e r to n  (1979). T h e y  e i th e r  in c u b a te d  in ta c t  b la s to d e rm s  in cy to c h a la s in  fo r  
u p  to  20  m i n u t e s ,  o r  i n c u b a t e d  d i s s o c i a t e d  c e l l s  f r o m  t h e  e d g e  r e g i o n  in 
cytochalasin  for 30 m inu tes  (bo th  using stage 7-9 b las toderm s),  o r  d issociated  
cells f rom  un in cu b a ted  b las toderm s in cytochalasin for varying periods.
M y e x p e r im e n ts  u se d  ex p lan ts  o f  in ta c t  e d g es  f ro m  1-2 day  e m b ry o s  o n  
glass. R e s u l ts  w e re  ve ry  s im ila r  to  C h e r n o f f  a n d  O v e r to n ’s. I f  cy to c h a la s in  D  
w as  p r e s e n t  f ro m  th e  s ta r t ,  cells fa i led  to  a d h e r e  to  th e  s u b s t r a tu m .  If  a d d e d  
la ter ,  cells re t rac ted ,  leaving filopodia  a t ta c h e d  to  th e  su b s tra tu m  a t  th e ir  distal 
ends.
7.4.2 Fibronectin:
In  t h i s  c a s e ,  m y  r e s u l t s  a p p e a r  t o  b e  a t  v a r i a n c e  w i t h  p r e v i o u s  
investigations. T h e  reason  for carrying ou t  this w o rk  was to  check  w h e th e r  the  
f ib ro n e c t in  d is t r ib u t io n  fo u n d  by o th e r  w o rk e rs  ( M o n n e t -T s c h u d i  et. al. 1985; 
L ash  et. al. , 1990) in the  b las to d e rm  edge  during  the  early  s tages o f  expansion  
co n tin u e d  in to  th e  la te r  stages, given th a t  my w ork  ( C h a p te r  5) show ed
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conside rab le  changes in edge cell o rganisa tion  during  the  la te r  stages.
H ow ever ,  my results even for early b las to d e rm  edges seem  to  differ f rom  those  
o f  ea rl ie r  au thors . M onne t-T schud i  et. al. (1985) used  two m e th o d s  to  d iscover 
f ib r o n e c t in  d i s t r ib u t io n  in th e  b l a s t o d e r m  ( in c lu d in g  th e  e d g e ) .  F i r s t ,  th e y  
t r e a te d  parafo rm aldehyde-f ixed  com ple te  1 day b las to d e rm s  on  the ir  vitelline 
m e m b r a n e s  w i th  a  c h ic k  m o n o c l o n a l  f i b r o n e c t i n  a n t i b o d y ,  o r  a  h u m a n  
po lyc lona l.  A f te r  s ta in ing , th e  v ite ll ine  m e m b r a n e  w as r e m o v e d  a n d  b la s to ­
d e rm s  w e re  s p re a d  on  a coverslip, covered  in m oun ting  m ed iu m  a n d  observed . 
E d g e  z o n e s  w e r e  sa id  to  c o n ta in  a  c o a r s e  n e tw o r k  o f  f ib r o n e c t in ,  m o s t ly  
o r ie n ta te d  para lle l  to  the  periphery . U nfo r tuna te ly ,  f rom  the  tech n iq u e  used, it 
is im p o ss ib le  to  b e  su re  w h e re  this f ib ro n e c t in  ac tua lly  is. E d g e  cells  t e n d  to  
curl  u p  w h e n  re m o v e d  fro m  th e  v ite ll ine  m e m b r a n e ,  a n d  it is e n t i re ly  u n c le a r  
w h e t h e r  t h e  f ib r o n e c t in  s t a in e d  in th e  r e l e v a n t  f ig u re  (6 )  is a c tu a l ly  a t  t h e  
b l a s t o d e r m  e d g e ,  o r  in th e  d i s t a lm o s t  b a s a l  l a m in a  a r e a .  I n d e e d ,  t h e  te x t  
suggests  t h a t  th e  a u th o r s  be lieve  they  a re  look ing  a t  b a s a l  la m in a  f ib ro n e c t in  
w h e re as  th e re  is no  basal lam ina  in the  a t ta ch e d  edge  (See  this thesis, c h a p te r  
3).
T h e  second  m e th o d  used  colloidal gold techn iques  to  localise f ib ronectin  
a t  e le c t ro n  m ic ro sc o p e  level. T h e  m o rp h o lo g y  o f  th e  e d g e  cells p r e s e n t e d  in 
th e i r  i l lu s tra t io n  (Fig. 8) looks a b n o rm a l ,  b u t  th ey  d o  f ind  a sm all  a m o u n t  o f  
f ib ronectin  in th e  edge. A  very little a p p e a rs  a t  the  cell su rface  ( un fo rtuna te ly , 
the  a u th o rs  m udd le  the ir  term inology b e tw e en  dorsa l-ven tra l  a n d  basal-apical, 
so th a t  the ir  descrip tion  is difficult to  follow) an d  ra th e r  m o re  internally.
A l th o u g h  th e  su m m a ry  o f  M o n n e t -T s c h u d i  et. aVs p a p e r  c la im s to  h a v e  
d e m o n s t ra te d  th a t  f ib ronectin  is all ro u n d  the  actively m oving  cells o f  th e  edge, 
th e  ev idence  for this is very poor.
T h e  la te r  p a p e r  to  r e p o r t  f ib ronectin  in th e  b la s to d e rm  edge  is L ash  et. al. 
(1990). A  curiosity o f  this p a p e r  is a  com plete ly  m isleading  c a r to o n  d raw ing  of
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th e  edge  (Fig. IB ). F o r  ind irect im m u n o flu o rescen t localisa tion  o f fib ro n ec tin  
in sections o f  the  edge, L ash  et. al. u sed  th e  m eth o d  o f O strovsky  et. al. (1983), 
w ith  a n t i - f ib ro n e c t in  o f  u n -n a m e d  sp e c if ic ity . T h e y  p r e s e n t  o n e  f ig u re  (7 ) 
d e m o n s tra tin g  fib ronectin  in th e  edge w ith  a  descrip tio n  sta ting  th a t  fib ro n ectin  
is a ll ro u n d  th e  cells o f  th e  ed g e , w ith  a p p a re n t  la m e lla r  a r ra n g e m e n t. T h e  
discussion, how ever, s ta tes  th a t f ib ronectin  w as n o t found  a t th e  e x trem e  tips o f 
th e  edge  cells. In  m y view, th e  ve rba l descrip tion  p re se n te d  by L ash  et. al. does 
n o t fully acco rd  w ith th e ir  illustration . T h e re  is no  sign o f  a lack  o f  fib ro n ec tin  
a t th e  d ista l tip , n o r  does th e  fib ronectin  a p p e a r  to  b e  d is tr ib u ted  all ro u n d  all 
th e  edge  cells.
M o n n e t-T sc h u d i et. al. (1985) a n d  L a sh  et. al. (1990 ) b o th  su g g est th a t  
e d g e  cells  u se  f ib ro n e c tin  as a  m ea n s  o f  a tta c h in g  to  th e  v ite llin e  m e m b ra n e , 
a n d  th e r e f o r e  as  p a r t  o f  th e i r  lo c o m o to ry  m e c h a n is m . A s I h a v e  in d ic a te d  
a b o v e , th e  e v id e n c e  fo r  th is  is n o t co m p ellin g : an  a d d it io n a l  p ro b le m  is th a t  
n e ith e r  p a p e r  show s any fib ronectin  sta in ing  a t th e  v ite lline  m e m b ra n e  su rface  
a f t e r  th e  e d g e  c e lls  h a v e  m o v e d  o v e r  it. I f  f ib r o n e c t in  is in d e e d  u s e d  as a n  
a d h e s iv e  in te rm e d ia te  h e re , so m e  w ou ld  b e  e x p e c te d  to  b e  le f t a t  th e  m a tr ix  
(v ite lline  m e m b ra n e )  surface.
T h e  d i f f e r e n c e s  b e tw e e n  m y r e s u l t s  a n d  th e  o th e r s  m a y  b e  d u e  to  
d iffe ren ces  in an tibody  specificity : th e  fib ronectin s a re  m o lecu les  w ith  m ultip le  
f o r m s  ( K o r n b l i h t t  a n d  G u tm a n ,  1 9 8 8 ) . H o w e v e r ,  i t  is c l e a r  t h a t  m y 
e x p e r im e n t s ,  u s in g  tw o  d i f f e r e n t  p r e o p e r a t i v e  m e th o d s ,  g iv e  r e p e a t a b l e  
p o s i t iv e  r e s u l t s ,  s h o w in g  f ib r o n e c t in  in  th e  b a s a l  l a m in a  p r o x im a l  to  th e  
a tta c h e d  edge  b u t n o t a ro u n d  edge cells, only occasionally  w ith in  th em  a t early  
r a p id ly  e x p a n d in g  s ta g e s . A s in  o th e r  s tu d ie s , I f o u n d  n o  f ib r o n e c t in  in  th e  
v ite llin e  m e m b ra n e  a t  th e  ea rly  s tag es . E x tra c e llu la r  e d g e  f ib ro n e c tin  is on ly  
fo u n d  in th e  s ta tio n ary  streaks.
T h e s e  find ings a c co rd  w ell w ith  re su lts  fro m  e x p e r im e n ts  o n  f ib ro b la s t  
m otility  w hich show  th a t b locking  o f f ib ro n e c tin -rec e p to r  in te rac tio n  has  little
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effec t on  cell m otility, b u t th a t s ta tio n ary  cells accu m u la te  fib rilla r f ib ro n ec tin  
a t th e ir  ad h esio n  sites (D u b a n d  et. al. , 1988 ; A kiyam a et. .al., 1989).
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C H A PT E R  E IG H T
GENERAL DISCUSSION AND CONCLUSIONS
T h e  expansion  o f th e  chick b las to d e rm  prov ides th e  b e s t ex am p le  o f a  co ­
o rd in a te d  ep ith e lia l m o v em en t w hich covers a  co n sid e rab le  a re a  ov er a  sh o rt o f 
tim e.
T h e  p re se n t w ork  has b e e n  designed  to  fu rth e r  o u r  know ledge o f  changes 
in  th e  o rg a n is a tio n  a n d  b e h a v io u r  o f  th e  lea d in g  e d g e  cells  o f  th e  b la s to d e rm  
du rin g  early  an d  la te  stages o f d ev e lo p m en t an d  to  re la te  th ese  changes to  th e  
ab ility  o f  th e s e  cells  to  m ig ra te  a t d if fe re n t sp e e d s  o n  th e  v ite llin e  m e m b ra n e , 
lead ing  to  th e  expansion  o f th e  w hole b las to d erm .
S ince each  individual c h a p te r  has its ow n discussion section , th is c h a p te r  
will d ea l w ith  th e  m ain  findings o f th e  p re se n t w ork  o n  th e  b la s to d e rm  edge  a n d  
th e n  try  to  p u t  th e s e  f in d in g s  in  th e  c o n te x t  o f  w h a t  w e k n o w  a b o u t  o th e r  
exam p les o f ep ith e lia l m ovem en t.
8.1 M ajor findings:
C h a p te r  3:
R e s u l ts  p r e s e n te d  in  th is  c h a p te r  p ro v id e  a c le a r e r  p ic tu r e  as  to  th e  
b e h a v io u r  o f  th e  cells o f  th e  lea d in g  ed g e  fro m  as ea rly  as p o ss ib le  a f te r  th e ir  
a tta c h m e n t to  th e  v ite lline  m e m b ran e  to  th e  tim e they  rea c h  th e  e q u a to r  o f  th e  
egg. T h ey  re ta in  a m ultilayer o rgan isa tion  th ro u g h o u t a n d  show  a p rogressive  
in c r e a s e  in  th e i r  w id th , e s p e c ia lly  a ro u n d  th e  s e c o n d  d a y  o f  d e v e lo p m e n t .  
T h e i r  n u m b e r  w as a lso  fo u n d  to  in c re a s e  a ro u n d  th e  s a m e  t im e . H o w e v e r , 
t h e r e  w a s  a d r o p  in  th e  h e ig h t  o f  th e  e d g e  a ro u n d  th a t  t im e . C e ll s ize  w as 
fo u n d  n o t to  follow  a p a rticu la r  p a tte rn .
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T his c h a p te r  also  reveals th a t th ro u g h o u t th ese  stages o f d e v e lo p m en t th e  
p r o x im a l  c e l l s  o f  t h e  e d g e  a r e  c o n n e c t e d  t o g e t h e r  b y  w e l l  d e v e lo p e d  
d e sm o so m e s  as w ell as p o in ts  o f c lose  m e m b ra n e  a p p o s it io n . D e sm o so m e s  
b e c o m e  sc a rc e  b e tw e e n  th e  m id p a r t  cells a n d  a re  to ta lly  a b s e n t  b e tw e e n  th e  
d ista l cells.
C h a p te r  4:
T h is  c h a p te r  p ro v id e s  so m e e v id e n c e  th a t  th e  " d e e p  layer" cells  in th e  
vicinity o f th e  lead ing  edge a re  th e  cells resp o n sib le  fo r th e  in c rease  in edge  cell 
n u m b e r  r e p o r te d  in c h a p te r  3. L ig h t a n d  tra n s -m iss io n  e le c tro n  m ic ro sc o p y  
rev e a le d  th a t  th ese  cells in co rp o ra te  them selves in to  th e  edge  a fte r  ex tend ing  
th e ir  lead ing  lam ellae  in to  th e  edge a rea . S om e ev idence  fo r th e  un like liness o f 
e c to d e rm a l cells be ing  a d d e d  to  th e  lead ing  edge is discussed.
C h a p te r  5:
T h is  c h a p te r  d e sc r ib e s  fo r  th e  f irs t tim e  th e  e v e n ts  th a t  ta k e  p la c e  in  th e  
c h ic k  b la s to d e rm  in  g e n e ra l  a n d  th e  le a d in g  e d g e  in  p a r t i c u la r  as  th e  e d g e  
p a s se s  th e  e q u a to r  o f  th e  egg. T h e se  e v e n ts  in c lu d e : a )  th e  tra n s fo rm a tio n  o f 
edge  o rg an isa tio n  from  be ing  m ultilayer to  m ono layer, b ) S om e o f th e  lead ing  
e d g e  ce lls  s to p  th e ir  m ig ra tio n  le a d in g  to  th e  a p p e a ra n c e  o f  s ta t io n a ry  p o in ts  
d is tr ib u te d  a ro u n d  th e  c irc u m fe re n c e  o f  th e  ed g e , c) M o re  cells  a re  a d d e d  to  
th e  s ta t io n a r y  c e lls  r e s u l t in g  in  th e  fo rm a tio n  o f  s ta t io n a r y  s tr e a k s .  T h e s e  
s tre a k s  d iffe r  fro m  e a c h  o th e r  in  tim e  o f  a p p e a ra n c e  a n d  th e re fo re  in  th e ir  
l e n g th ,  d )  C e ll  d e a th  a p p e a r s  in  th e  o ld  s ta t io n a r y  c e lls  w h ic h  a r e  t h e n  
e l im in a te d  a n d  r e p l a c e d  by  th e  n e a r b y  e c to d e r m a l  c e lls ,  e )  B la s to d e r m  
e x p a n s io n  a t  th e s e  la t e r  s ta g e s  o f  e p ib o ly  is a v e ry  s low  p ro c e s s  a s  c a n  b e  
d e d u c e d  fro m  th e  fac t th a t  it tak es  m o re  th an  6 days fo r th e  b la s to d e rm  edge  to  
m ig ra te  from  th e  e q u a to r  o f th e  egg to  cover th e  res t o f th e  egg. T h e  e x ten t o f 
b la s to d e rm  expansion  also  d iffers from  o n e  b la s to d e rm  to  a n o th e r  even  a t  th e  
sa m e  s ta g e  o f  d e v e lo p m e n t, f) D e e p  lay e r  cells p e rs is t  e v e n  a t th e  v e ry  la te  
stages o f  b la s to d e rm  expansion  w hen  they  fo rm  w h a t seem s like a n o th e r  layer
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of cells on the monolayer of edge cells which seals the blastoderm.
C h a p te r  6:
T his c h a p te r  p rov ides a d e ta iled  study fo r th e  b eh a v io u r o f p ieces o f th e  
b la s to d e rm  lacking th e  edge cells cu ltu red  on  th e  in n e r  su rface  o f th e  v itelline 
m e m b r a n e .  R e s u l t s  s h o w e d  t h a t  d e e p  la y e r  c e lls  a t t a c h  to  th e  v i te l l in e  
m e m b ra n e  so o n  a f te r  c u ltu rin g  a n d  s ta r t  c e n tr ifu g a l m ig ra tio n . E c to d e rm a l  
cells o f th e  cu ltu red  p ieces do  n o t a tta ch  to  o r m ove on  th e  v ite lline  m em b ran e  
un less they  lose th e ir  ap ica l-basal po larity . W h en  they  do  so, to g e th e r  w ith  th e  
d e e p  l a y e r  c e l l s ,  t h e y  f o rm  a r a p id ly  m o v in g  m a s s  o f  c e l l s  c a l l e d  t h e  
" r e g e n e r a te d  ed g e "  w h ich  p o s s e s s e s  s e v e ra l  o f  th e  f e a tu r e s  o f  th e  n o rm a l 
b la s to d e rm  edge.
T h e  c h a p te r  a lso  g ives lig h t a n d  t ra n s m is s io n  e le c tr o n  m ic ro s c o p ic a l  
o b se rv a tio n s  o n  th e  b e h a v io u r  o f  p iec e s  o f  b la s to d e rm  (in c lu d in g  an  e d g e  o r 
lack ing  it) on  th e  o u te r  su rface  o f  th e  v itelline m em b ran e . It re p o r ts  th a t such 
p ie c e s  lo se  th e ir  ab ility  to  e x p a n d  on  such  a s u b s tra tu m  d u e  to  th e  in c re a s e d  
ad h e sio n  o f th e  cells to  th e  fluid fib rous m ate ria l o f th e  su b s tra tu m . B und les o f 
m icro filam en ts, o r  stress fibres, w hich en d  a t po in ts  o f co n ta c t b e tw e e n  th e  cells 
an d  th e  su b s tra tu m  a re  a  com m on  fe a tu re  o f th e  cu ltu red  cells.
C h a p te r  7:
T h is  c h a p te r  re p o r ts  on  im m u n o flu o re sc e n t s ta in in g  o f  ch ick  e d g e  cells 
c u l tu r e d  o n  g la s s , to  s tu d y  th e  e f f e c t  o f  m ic r o tu b u le  a n d  m ic r o f i la m e n t  
i n h i b i t o r s  o n  th e  s h a p e  o f  t h e  e d g e  c e l l s .  I t  s u p p o r t s  p r e v i o u s  r e p o r t s  
(D ip asq u a le , 1975; C h e rn o ff and  O v erto n , 1979; E u te n e u e r  an d  Schliw a, 1984 
a n d  M id d le to n  et. a l ., 1 9 8 8 ) o n  o t h e r  e p i th e l i a ,  t h a t  m a in te n a n c e  o f  th e  
m o r p h o lo g y  o f  c u l tu r e d  e p i th e l i a l  c e lls  d e p e n d s  o n  a n  i n ta c t  s y s te m  o f  
m ic r o f i la m e n ts  r a t h e r  th a n  m ic r o tu b u le s .  T h e  c h a p te r  a ls o  r e p o r t s  t h a t  
fib ro n ec tin  n e a r  th e  b las to d e rm  edge is found  m ainly  in th e  b asa l lam in a  o f th e  
e c to d e rm a l cells. E dge  cells do  n o t show  fib ro n ec tin  s ta in ing  ex cep t fo r som e
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p o in ts  in s id e  th e i r  c y to p la sm . D u r in g  th e  la te  s ta g e s  o f  e p ib o ly , lo c a l is e d  
f ib ro n e c tin  s ta in in g  w as p re s e n t  o n  so m e a re a s  o f  th e  v ite llin e  m e m b ra n e  to  
w hich s ta tio n ary  cells a ttach ed . N o  such fib ro n ectin  w as ever o b se rv ed  in such 
a r e a s  d u r in g  th e  e a r l i e r  s ta g e s  o f  e p ib o ly  i .e  b e f o r e  th e  f o r m a t io n  o f  th e  
s ta tio n a ry  streaks.
8.2 How do epithelia move?
M u ch  o f  o u r  k n o w led g e  a b o u t e p ith e lia l  cell m o v e m e n t in vivo  co m es 
from  stud ies on  th e  m o v em en t o f e p id e rm a l cells du ring  w ound  healing . B ased  
o n  u l tr a s tru c tu ra l  o b se rv a tio n s  o f  w o u n d  h e a lin g  in  m a m m a lia n  e p id e rm is  a 
p a t t e r n  o f  " ro llin g  a n d  slid ing"  m o v e m e n t o f  th e s e  c e lls  h a s  b e e n  p r o p o s e d  
(K ra w c z y k , 1971 ; G ib b in s ,  1978 ; R e p e s h  a n d  O b e r p r i l l e r ,  1 9 8 0 ) . I t  w a s  
su g g e s te d  th a t  th e  m arg in a l cells i.e. th o se  a t  th e  lea d in g  e d g e , a d h e re  to  th e  
su b s tra tu m  an d  th e  subm arg inal cells m ove over th em  a n d  in tu rn  a tta c h  to  th e  
su b s tra tu m  via h em idesm osom es. T h e  p a tte rn  is r e p e a te d  till th e  c lo su re  o f  th e  
w o u n d . T h is  p a t te rn  c o n c e rn s  s tra tif ie d  e p ith e lia  w h e re  th e  b a sa l  la y e r  cells 
a re  re g a rd e d  as s ta tionary , an d  only th e  cells o f th e  u p p e r  layers m ove.
R ad ic e  (1980 a& b ) investiga ted  cell m o v em en t du ring  w o u n d  hea ling  in 
X en o p u s  ta d p o le s  w ith  tim e -la p se  c in e m a to g ra p h y  a n d  T E M  a n d  su g g e s te d  
a n o th e r  p a t te rn  fo r  e p ith e lia l  m o v em e n t. H e  su g g e s te d  th a t  th e  cells  d o  n o t 
ro l l  o r  s l id e  b u t  r e t a in  t h e i r  p o s i t io n  r e l a t iv e  to  e a c h  o t h e r  so  t h a t  a s  th e  
m a rg in a l cells  m ove  fo rw ard , th e  su b m a rg in a l cells im m e d ia te ly  o ccu p y  th e ir  
p o s it io n ,  w i th o u t  in te rm in g lin g  b e tw e e n  c e lls  o f  m a rg in a l  a n d  s u b m a rg in a l  
a reas . In  R a d ic e ’s view  all cells o f th e  m oving ep ith e liu m  c o n tr ib u te  actively to  
ep ith e lia l sp read ing .
T h e  ep id e rm is  o f Xenopus, as u sed  by R ad ice , is essen tia lly  a  m o n o lay er 
w ith  a n  ad d itio n a l su rface  p e rid e rm  only, an d  so it is likely in any case  to  d iffer 
in b e h a v io u r from  th e  m ultilayered  m ouse  ep id e rm is  s tu d ied  by K raw czyk.
B o th  o f  t h e s e  p a t t e r n s  o f  e p i t h e l i a l  c e l l  m o v e m e n t  d i f f e r  f r o m
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p re d o m in a n t ideas p u t fo rw ard  fo r ep ith e lia  in tissue cu ltu re , w h e re  V au g h an  
an d  T rin k au s  (1966) an d  la te r  D iP asq u a le  (1975) suggested  th a t  ep ith e lia  a re  
actively a tta c h e d  to  th e  su b s tra tu m  only a t th e  m arg in  an d  th a t  d e ta c h m e n t o f 
m arg in a l cells from  th e  su b s tra tu m  a t on e  a re a  o f th e  ep ith e lia l sh e e t leads to  
re tra c tio n  o f th e  sh e e t a t th a t a rea .
T h e  o rg a n isa tio n  o f  th e  lea d in g  ed g e  o f  th e  b la s to d e rm  r e p o r te d  in  th is  
thesis does n o t su p p o rt th e  suggestion  o f V au g h an  an d  T rinkaus, since th e  cells 
o f  th is edge  a re  n o t a  single p e rip h e ra l b a n d  b u t an  increasing  n u m b e r  o f cells 
a ttach in g  to  a  w ide a re a  o f th e  su b stra tu m . In fact, th e  o rg an isa tio n  o f  th e  edge 
cells o f th e  chick b las to d e rm  re p o r te d  h e re  reveals  th a t  it con ta in s e le m en ts  o f 
b o th  R a d ic e ’s an d  K raw czyk’s p a tte rn s  o f ep ith e lia l cell m o vem en t.
S u p p o rtin g  R a d ic e ’s m odel o f ep ithe lia l edge  o rgan isa tion , th e re  is b o th  
in d irec t an d  d irec t ev idence  th a t edge cells m ainly re ta in  th e ir  po sitio n  re la tive  
to  each  o th e r. T h e  ind irect ev idence  com es from  th e  finding th a t, o n  o n e  hand , 
w ell d e v e lo p e d  d e sm o so m es  a n d  a re a s  o f  tig h t ju n c tio n s  a re  p re s e n t  b e tw e e n  
th e  p rox im al edge cells, suggesting th a t th ese  cells re ta in  th e ir  o rg an isa tio n  an d  
position  re la tive  to  cells o f the  o th e r  p a rts  o f th e  edge. In d eed , su p p o rt fo r this 
c o m e s  fro m  th e  b e h a v io u r  o f  th e se  cells d u rin g  th e  la te  s ta g e s  o f  b la s to d e rm  
expansion . W hile cells o f th e  res t o f th e  edge change th e ir  o rg an isa tio n  in to  a 
m o n o la y e r , th e  p ro x im a l cells re ta in  th e ir  o rig in a l m u ltila y e re d  o rg a n isa tio n . 
O n  th e  o th e r  hand , th e  in freq u en t p rese n c e  o f desm o so m es b e tw e en  th e  m id- 
p a r t  cells  o f  th e  ed g e  a n d  th e ir  to ta l  a b se n c e  b e tw e e n  th e  d is ta l ce lls  m a k e s  it 
lik e ly  th a t  th e  ce lls  o f  th e s e  tw o  a re a s  m ay  b e  a b le  to  c h a n g e  th e i r  p o s i t io n  
re la tiv e  to  o n e  a n o th e r . H o w ev er, d ire c t e v id e n c e  ex ists to  su g g est o th e rw ise  
i.e. d ista l cells seem  to  re ta in  th e ir  position  re la tive  to  m id -p a rt cells. T his d irec t 
e v id e n c e  co m es th e  fro m  tim e -la p se  p h o to g ra p h y  w hich  I d id  o n  b la s to d e rm s  
c u ltu re d  o n  th e  v ite llin e  m e m b ra n e  ( C h a p te r  4). B e c a u se  o f  th e  d ifficu lty  o f 
f ilm in g  th e  w h o le  e d g e  o f  th e  b la s to d e rm , o n ly  th e  d is ta l  c e lls  w e re  f ilm e d  
d u r in g  th e ir  m ig ra tio n . A nalysis o f  th e  film s re v e a le d  th a t  th e s e  ce lls  alw ays
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re m a in e d  d istal an d  did n o t re tre a t  to  a  m o re  p rox im al position  a n d  th a t  th e re  
w as no  sign th a t cells b eh in d  th em  m oved over th em  an d  in tu rn  b e c am e  distal. 
W h e th e r  m id -p a rt cells a re  ab le  to  in se rt them selves b e tw e en  th e  d ista l can n o t 
b e  excluded , since v isualisation  o f th ese  w as n o t good  enough .
A lth o u g h  th e  a b o v e  f in d in g s  m a k e  it u n lik e ly  t h a t  th e  m id - p a r t  ce lls  
o v e r ta k e  th e  d is ta l cells, as p ro p o se d  in  K raw czy k ’s m o d e l, it m ay  b e  p o ss ib le  
fo r th ese  cells to  shift th e ir  positions re la tive  to  each  o th e r  since, as m en tio n e d  
above, desm osom es w hich m ay greatly  im p ed e  such shifting  a re  scarce  b e tw e en  
th e s e  cells. A lso , th e  tig h t ju n c tio n s  p re s e n t  b e tw e e n  th e s e  cells  h a v e  b e e n  
show n to  b e  o f th e  d iscon tinuous type w hich allows shifting  o f  position  to  tak e  
p lace  (A n d ries  et.al., 1985). In fact, su p p o rt fo r th e  id ea  th a t  th ese  cells a re  ab le  
to  sh ift p o s itio n  re la tiv e  to  e a c h  o th e r  co m es ag a in  fro m  th e  o rg a n is a tio n  o f 
e d g e  c e lls  d u r in g  th e  l a te  s ta g e s  o f  e p ib o ly ,  e .g . d u r in g  th e  th i r d  d a y  o f  
d e v e lo p m e n t. W h ile  th e  p ro x im al p a r t  o f  th e  ed g e  a t  th e s e  s ta g e s  re ta in s  its 
m u ltila y e re d  o rg a n isa tio n , th e  cells o f  th e  m id -p a r t  b e c o m e  o rg a n ise d  in to  a  
m ono layer, ind icative o f th e  ability o f th e  cells to  shift positions re la tiv e  to  each  
o th e r.
A n o th e r  f e a tu re  o f  R a d ic e ’s m o d e l, d is tin g u ish in g  it fro m  V a u g h a n  a n d  
T rin k au s, is th a t m any  cells a tta ch  to  th e  su b s tra tu m  an d  c o n tr ib u te  actively to  
e x p a n s io n , n o t m ere ly  a s im p le  p e r ip h e ra l  b a n d . T h e  b la s to d e rm  e d g e  s ta r ts  
w ith  a  r a th e r  n a rro w  b a n d  o f a tta c h e d  cells, b u t as expansion  con tinues , m o re  
a n d  m o re  cells  a tta c h  to  th e  v ite llin e  m e m b ra n e . T h e ir  m o rp h o lo g y  s tro n g ly  
suggests th a t  th ese  a tta c h e d  cells all co n trib u te  to  active ep ith e lia l sp read ing .
K ra w c z y k ’s m o d e l  s u g g e s ts  t h a t  b a s a l  m a r g in a l  e p id e r m a l  c e ll  a r e  
s ta tio n a ry  an d  th a t  e p id e rm a l sp read in g  involves th e  m o v em en t o f  u p p e r  layer 
m o re  p ro x im a l c e lls  w h ich  m o v e  m o re  d is ta lly  o v e r  th e  s ta t io n a r y  c e lls  a n d  
m a k e  c o n t a c t  w i th  t h e  b a s a l  l a m in a .  T h e  p r o c e s s  is r e p e a t e d  w i th  t h e  
re c ru itm e n t o f  new  cells in to  th e  m arg in  from  subm arg ina l positions. It is in th e  
re c ru itm e n t o f new  cells in to  th e  edge th a t b la s to d e rm  ex p ansion  resem b les
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this model.
R esu lts  p re se n te d  in c h a p te r  4 show ed th a t d e e p  layer cells a re  rec ru ite d  
in to  th e  e d g e  a f te r  lea v in g  th e  b a s a l  la m in a  o f  th e  e c to d e rm a l  p a r t  o f  th e  
b la s to d e rm . M an y  o f  th e se  cells e x te n d  le a d in g  la m e lla e  w h ich  m a k e  c o n ta c t  
w ith  th e  v e n tra l  su rfa c e  o f  th e  p ro x im a l a n d  th e  m id -p a r t  cells  o f  th e  le a d in g  
edge. I suggest th a t  th e  d e e p  layer cells ex tend  th ese  lam ellae  to  o v e rta k e  th e  
p ro x im a l a re a  o f  th e  ed g e , w h e re  cells  a re  ve ry  s ta b le , a n d  a tta c h  to  m id -p a r t  
cells. S ince cells o f  this a re a  a re  cap ab le  o f shifting position , it m ay b e  possib le  
fo r th e  new ly rec ru ite d  cells to  b e  in co rp o ra te d  easily in to  th is p a r t  o f th e  edge. 
W h e th e r  o r n o t th e  d e e p  layer cells can  o v e rtak e  th e  m id -p a rt a re a  o f  th e  edge 
an d  b e co m e  distal cells is n o t c lear b u t film ing o f th e  edge  n ev e r show ed  d e e p  
layer cells o r th e  orig inal m id -p a rt cells overtak ing  th e  d ista l cells an d  becom ing  
m arg in a l them selves. It is possib le, how ever, th a t re c ru ite d  cells as w ell as m id- 
p a r t  o n e s  a r e  a b le  to  b e c o m e  d is ta l  by  in s e r t in g  th e m s e lv e s  b e tw e e n  th e  
orig inal d istal cells ra th e r  th an  by overtak ing  them .
8 3  The rate o f epithelial movement:
A lthough  no  changes have b e e n  d e te c te d  in ju n c tio n  d istrib u tio n  b e tw e en  
ed g e  cells, o th e r  changes do  occur as th e  edge m oves p rogressively  tow ards th e  
e q u a to r . T h e se  changes include a steady  in crease  in th e  w id th  o f  th e  ed g e  an d  
th e  n u m b e r  o f  its  ce lls  as e x p a n s io n  p ro g re s s e s .  T h is  in c r e a s e  in  th e s e  tw o  
p a r a m e t e r s  w a s  f o u n d  to  b e  s ta t i s t ic a l ly  s ig n i f ic a n t  a r o u n d  2 -2 .5  d a y s  o f  
incu b a tio n . T his co incides w ith th e  re p o r te d  in crease  in th e  r a te  o f  expansion  
o f  th e  b la s to d e rm  b o th  in vitro an d  in vivo (D ow nie, 1976).
A n o th e r  f in d in g  o f  th is  th e s is  is th e  e x is te n c e  o f  a  c o n s is te n t  p a t t e r n  
c o n c e rn in g  th e  a b ility  o f  e d g e , o r  n o n -e d g e , c e lls  to  m ig ra te  a t  o n e  r a t e  o r  
a n o th e r  o n  th e  in n e r  su rfa c e  o f  th e  v ite llin e  m e m b ra n e . B asica lly , fo r  cells  to  
m ig ra te  rap id ly  on  th e  v itelline m e m b ran e  they  m ust fo rm  a m u ltilay ered  edge. 
N o rm al edge  cells o f u p  to  2.5 day b las to d e rm s m ig ra te  a t th e ir  fa s te s t sp e e d  as 
long  as th ey  m ain ta in  th e ir  m u ltilayered  o rgan isa tion . H ow ever, as th ese  sam e
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cells  re o rg a n is e  th em se lv e s  in to  a  m o n o la y e r  a f te r  th e  th ird  day  o f  in c u b a tio n  
th e ir  ra te  o f m ig ra tion  is g reatly  red u ced , as can  b e  ju d g ed  from  th e  tim e  they  
tak e  to  cover th e  o th e r  h a lf  o f th e  egg - a  fu rth e r  6 days a t least. Sim ilarly, w hen  
p ieces  o f th e  b las to d e rm  lacking an  edge w ere  cu ltu red  on  th e  in n e r  su rface  o f 
th e  v i te l l in e  m e m b ra n e , th e  o u tg ro w in g  s h e e t  o f  d e e p  la y e r  c e lls  in itia lly  
o rg a n ise d  in to  a  m o n o la y e r, m ig ra te s  a t  th e  r a te  o f  71 u m /h r., b u t  a f te r  th e  
fo rm a tio n  o f  th e  " re g e n e ra te d  edge" w hich has a  m u ltilayered  o rgan isa tion , th e  
ra te  o f m ig ra tion  increases  to  217 um /hr.
I su g g est th a t  th e  e x p la n a tio n  fo r  th e  r e la tio n s h ip  b e tw e e n  th e  r a te  o f  
m o v e m e n t o f  an  ed g e  w ith  c h a n g es  in cell o rg a n isa tio n  is th e  d e g re e  to  w h ich  
th e  d iffe ren t cells o f th e  edge o r sh ee t can  co -o rd in a te  th e ir  m ov em en t. It m ay 
b e  th a t  c o -o r d in a t io n  o f  m o v e m e n t o v e r  a n  e x te n s iv e  m o n o la y e r  o f  c e lls  is 
m o re  d ifficult to  achieve th an  in cells o rgan ised  as a  m ultilayer a n d  covering  a 
rela tive ly  sm alle r a re a .
A n o th e r  o b v io u s su g g estio n  to  m ak e  is th a t  th e  g r e a te r  th e  n u m b e r  o f 
w e l l - c o - o r d in a t e d  a c tiv e ly  m o v in g  c e lls , th e  f a s t e r  th e  r a t e  o f  e x p a n s io n .  
T h e r e f o r e ,  a t  t h e  e a r l i e s t  s ta g e s  o f  b l a s t o d e r m  e x p a n s i o n ,  t h e r e  is a 
m u ltilay ered  edge, b u t ra th e r  few  cells a re  a tta ch e d . E x p an sio n  ra te  in creases  
as th e  ed g e  in creases  in w id th  an d  cell n um ber.
8.4 R e d u c tio n  in e d ge cell n u m b e rs :
A s  th e  e d g e  p a s s e s  t h e  e q u a t o r  o f  th e  e g g  i t  s t a r t s  to  r e d u c e  i ts  
c irc u m fe re n c e  by th e  d e v e lo p m e n t o f  s ta t io n a ry  p o in ts  in w h ich  so m e  o f  th e  
ed g e  cells s to p  m oving fo rw ard . T h ese  s ta tionary  po in ts  a re  d is tr ib u ted  w ith in  
th e  ed g e  w ith o u t any fixed p a tte rn . A s th e  edge b e tw e en  th e  s ta tio n a ry  po in ts  
m oves fo rw ard , m o re  o f  th e  edge cells ne ighbou ring  th ese  p o in ts  a re  a d d e d  to  
o rig in a l s ta t io n a ry  cells  a n d  b e c o m e  s ta t io n a ry  th em se lv e s . T h is  le a d s  to  th e  
fo rm a tio n  o f  long  s ta t io n a ry  s tre a k s  a n d  to  th e  t ra n s fo rm a tio n  o f  th e  sm o o th  
ed g e  in to  crescen t-like  a reas.
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T h e  q u e s tio n  a rise s  as to  w h a t m ak e s  th e  cells o f  th e  s ta t io n a ry  s tre a k s  
s to p  m o v e m e n t. O n e  a n s w e r  to  th is  q u e s tio n  c o u ld  b e  r e l a te d  to  c o n ta c t  
in h ib i t io n  o f  m o v e m e n t s im ila r  to  th a t  n o t ic e d  in  c u l tu r e d  f ib ro b la s ts  (S e e  
H eay sm an , 1978, fo r a  g en e ra l review  o f co n tac t inh ib ition , an d  M id d le to n , 1982 
fo r  a  d isc u ss io n  o f  c o n ta c t  in h ib i t io n  in  e p i th e l ia ) .  C o llis io n  e x p e r im e n ts  
r e p o r t e d  in  c h a p te r  4 sh o w e d  th a t  o n c e  tw o  b la s to d e rm  e d g e s  c o ll id e  th e y  
im m e d ia te ly  c e a s e  an y  m o v e m e n t a n d  it is v e ry  lik e ly  th a t  th e  s a m e  th in g  
h a p p e n s  d u r in g  th e  la te  s ta g e s  o f  e p ib o ly , a f t e r  th e  f o rm a tio n  o f  th e  f ir s t  
s ta tio n a ry  po in ts. A s s ta tio n ary  po in ts  a p p e a r , cells o f th e  edge  lo ca ted  on  b o th  
s id es  o f  th e s e  p o in ts  can  b e  c o n s id e re d  as "two" e d g es  m ov in g  to w a rd s  ea ch  
o th e r  to  cover th e  V -sh ap ed  a re a  o f th e  v itelline m em b ran e . T h e  cells o f th ese  
"two" edges ex tend  th e ir  lam ellae  tow ards each  o th e r  and , on  m ak ing  con tac t, 
b e c o m e  s ta tionary . M o re  cells a re  a d d e d  to  th e  s ta tio n a ry  s treak s  in th e  sam e 
way.
T h e  se t o f even ts suggested  above  m ay explain  th e  ad d itio n  o f  s ta tio n a ry  
ce lls  to  th e  s tre a k s  b u t d o e s  n o t show  w h a t m ak e s  th e  cells  w h ich  in it ia te  th e  
s ta t io n a ry  p o in ts  s to p  m o v e m e n t in th e  f irs t p la c e . O n e  p o ss ib ility  fo r  th is  is 
th a t  o n c e  th e  ed g e  p a sse s  th e  e q u a to r , c ro w d in g  w ith in  th e  e d g e  will s ta r t  to  
occur, an d  th is m ay cause  th e  lam ellae  o f a d jacen t cells to  inh ib it o n e  a n o th e r  
an d  to  in itia te  s ta tio n ary  po in ts  w ith in  th e  edge. T h e  fo rm a tio n  o f  th ese  po in ts  
w ill e a se  c ro w d in g  w ith in  th e  ed g e  fo r  a  w h ile , b u t  as th e  m ov ing  p a r ts  o f  th e  
e d g e  e x te n d  to  fu r th e r  n a rro w  sp a ce s  on  th e  v ite llin e  m e m b ra n e , c ro w d in g  
o c c u rs  a g a in  a n d  new  s ta tio n a ry  p o in ts  a re  fo rm e d , a n d  so on . In  fac t, it w as 
fo u n d  th a t  in all b la s to d e rm s  s tu d ie d , s ta t io n a ry  s tre a k s  o f  d if fe re n t len g th s  
exist in every  b las to d e rm , indicative o f th e ir  d iffe ren t in itia tion  tim es.
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